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THE TORPEDO BOAT FATUM. 


Tur torpedo boat here illustrated was built by the 
frm of Orlando Brothers, of Leghorn, and has given 
yemarkable results as regards maneuvering power and 
steaming and steering astern. 

This torpedo boat is provided with armor plating 
ahead in the position of the conning tower, and if this 
bepresented against the fire 
ef machine guns, it protects 
ali her machinery and vital 

This plating is of va- 
fable thickness up to 1 inch, 
bat it is to be observed that 
the maximum angle under 
which the shots could strike 
iis 30.deg. The torpedo 
tubes are also protected, and 
the angle at which shots 
tld hit them is only 6 deg. 
Two ejectors are situated in 
the part protected by the 
Plating, in order that the 
pamping may not be inter- 
fupted in case of damages in 
the unprotected part. = 

The maneuvering power of 
the boat is obtained by a rad- 
derahead and a propeller rad- 
derastern, worked simultane- 
ously by steam. By this ar- 
rangement the complete rev- 
lation is accomplished in 
about 60 to 65 seconds with a 
diameter of 150 ft., and the 
beat steers as easily when she 
is steaming astern as when 
the is going ahead. Owing 
to this peculiar disposition, “= 
Messrs. Orlando's torpedo 
boat can the enemy 

ected by her armor plat- 
ing, fire off her torpedoes, and 
fetire sternway, still present- 


der stern and stern frame are of cast steel. The uni- 
versal joint of the propeller is spherical, and construct- 
ed on the system patented by Mr. Salvatore Orlando. 
The speed attained by the boat is 19 knots steaming 
ahead, and 15 to 16 steaming astern. Care has been 
taken that the stern lines should be as clean asthe 


The condenser has a surface of 875 square feet. The 
circulation is effeeted through a circulating pump dis- 
poms’ longitudinally in the ship, and is worked by an 

ndependent engine which also works the feed and air 
pumps. In case of damage to the auxiliary engine, the 
natural induction due to the speed of the torpedo boat 


bows, in order that the boat may proceed astern easily,|can be substituted for the effeet of the circulating 
and this end has been attained, as even when steaming | pump, and the engines can be kept going at a mode- 


irate rate of speed. 

The boiler is of the loco- 
motive type, steel, with an 
iron firebox. It has a special 
feature designed to obviate 
leakage in the tube plates. 
As is seen in Fig. 14, next 

e, the smokebox end of 

he boiler is provided with a 
copper ring, U-shaped, which 
counects the boiler end to the 
smokebox tube plate, and al- 
lows the latter to follow the 
movements of ex sion of 
the tubes, thus diminishing 
the risk of leakage at the fire- 
box tube plate. The total 
heating surface is 828 square 
feet, and the working pres- 
sure is 140 lb. 

The engines developed in 
the trials 450 to 500 horse 
power. The greatest s 
attained by the torpedo t 
was nineteen miles, and 
would have been much great- 
er if the boat had not borne 
the weight of the armor plat- 
ing. The armament consists, 
in addition to the two tor 
do tubes, of two Nordenfelt 
machine guns placed on each 
side of the platform near the 
conning tower ; these cam fire 
right forward and jright aft. 
—Engineering. 
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ie her armor to the enemy's fire. As to the shots that 
torpedo boat might receive from the tops of an en- 
fe? ship, her armor plating reaches to a sufficient 
oy to enable it to protect all her vital parts up to 
wy feet distance. The principal dimensions of the 
ate the following : 
in. 


ft. 


hull is constructed of galvanized steel, ‘The rud- 


full speed astern with a heavy sea very little water is 
shipped on deek. 

he driving power consists of two sets of compound 
engines, each of which has the cranks at 180 deg., the 
high and low pressure pistons consequently moving in 
opposite directions. Each engine is fitted with only 
one valve, the steam ports of the high and low pressure 
cylinders being just opposite each other. The cranks 
of one set of engines are at right angles to those of the 
other. The diameter of the high pressure cylinders is 
1034 inches. and that of the low pressure cylinders is 
1744 inches ; the stroke is 104 inches. 


ALIAN TORPEDO BOAT FATUM. 


A StKAM CANOK.—A new departure in shipbuilding 
as regards small craft is presented by the Nyassa steam 
eanoe, a pretty little boat which has been built for the 
Universities African Mission Society by Messrs. Simp- 
son & Strickland, of Dartmouth,to the order of Mr. 8S. H. 
Terry, consulting engineer to the society. The Nyassa 
is constructed entirely of delta metal, and for conve- 
nience of transport she has been built in three sections. 
She is 21 ft. long, with a beam of 7 ft. and a depth of 
8 ft., and draws 16 in. of water with her engine and 
boiler. With steam at 100 lb. pressure she made seven 
miles an hour 
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ae and pipes about the engine are all large, and the 
osses from wiredrawing are therefore proportiona} 
small. The vacuam in the low pressure cylinder ayes. 
ages about 13 Ib. 

These engines underwent a series of tests at the 
hands of Mr. Neil McDougall, of the Boiler Insuraneg 
and Steam Power Company, of Manchester, who acteg 
as consulting engineer for Messrs. A. & A. Crompton & 
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they do not interfere with the appearance of the en- 
gines. The pistons are carried by steel piston rods on 
the main aa back guides, the weight being thrown on 
to these, and the stuffing boxes being relieved by the 
method of slightly curving the rods, so that they are 
straight when loaded with the weight of the pistons, 
this method being carried out with complete success. 
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. COMPOUND HORIZONTAL STEAM ENGINE, 
2000 i. H. P. 

THE engraving illustrates fine compound horizontal 
engines erected at Shaw, near Oldham, at the mill of | 
Messrs. A. & A. Crompton & Co., to replace two pairs 
of beam engines, one single beam engine, and a hori- 


zontal engine, all of which were removed. The new The main slide blocks, which are of large area, are ad- \ 
engines are of the compound type, arranged side by justable for wear, and support the piston rods through| Co. From a summary of Mr. MeDougall 8 report, writ. 
side, fitted with an intermediate receiver placed below | the steel cross pins. ; ten by him to Messrs. J. & E. Wood, we take the fo}. 
the cylinders, and transmit their power by ropes. The| The distribution in both cylinders is effected by | lowing: 


“Referring to your inquiry as to the result of the 
series of trials I have conducted for Messrs. A. & 4. 
Crompton & Co., Shaw, of the engines and boilers at 
their mill, constructed under my supervision, the en. 


high pressure cylinder is 38in. diameter, the low pres- | Messrs. Wood's patent Corliss valve gear, driven from 
sure 66in., and the stroke of each 6ft. The piston speed, | the crank shaft through a cross shaft between the en- 
600ft. per minute, represents therefore a speed of fifty | gine frames, the steam and exhaust valves of each cyl- 


i 
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THE ITALIAN TORPEDO BOAT FATUM. 


revolutions. The boiler pressure is 95lb., and at pre- 
sent the engines are working at 1,750 indicated horse 
power. When first started, however, the power regis- 
tered was 1,950 and 1,900. The piston rods, of Siemens- 
Martin steel, are each Tin. diameter. The crank shaft, 
of Whitworth steel, hollow, has necks 19in. diameter 
by 38in. inlength. ‘The cranks and connecting rods are 
of hammered iron; the crank pins, 12in. in diameter, 
of Whitworth steel, hollow. The connecting rods have 
heads of the marine type. The crossheads, of wrought 
iron, are shrunk on to steel pins. The crank pins are 
forced by hydraulic pressure into the cranks, which in 
their turn are similarly forced upon the crank shaft, 
and further secured by a steel key. The crank shaft 
tapers up to a central diameter of 24in. at the wheel 
seat. The rope pulley, 30ft. in diameter, is turned for 
forty ropes 1%in. diameter. It has a single boss and 
one set of arms, and is cased in at the sides to avoid fan 
action. The arms are twelve in number, the boss is 
9ft. in diameter, and weighs 16 tons, its depth being 8ft. 
6in. on the key beds, and the total weight of the pulley 
is 72 tons. There are pulleys now running of larger 
diameter and with more ropes, but in all previous cases 
they have been formed of two wheels bolted together 
sideways, and the separate parts are only of ordinary 
dimensions. The valve chests each contain two steam 
and two exhaust Corliss valves, and are placed low in the 
cylinder in the usual style, and the pipes being therefore 


inder being actuated by separate eccentrics. The 
steam valves are worked through patent double tooth 
gripping pieces of hard steel, which give a length of 
bite of 10in., the release of these being regulated auto- 
matically from the governor in the case of the high 
pressure engine, and the cut-off in the low pressure be- 
ing adjustable by hand. The exhaust valves haveja 
constant motion imparted to them by their eccentrics, 
The disengaging gear by which the steel catches are 
released lifts these out of gear at the proper instant— 
determined by the governor—by means of inclined 
planes, which are moved in such a manner as to equal- 
ize the cut-off at both ends of the cylinder at different 
loads, thus overcoming the detrimental effect of the 
obliquity of connecting rod. The steam valves, when 
released, are closed by long spiral springs inclosed in 
dashpots compressing air in the ordinary way, the 
dashpots being placed beneath the floor. The valve 
spindles, and all pins in the valve gearing subject to 
wear, are of steel working in gun metal bearings. The 
working of the gear is good throughout, and easy, es- 
pecially when it is remembered that the valves in the 
low pressure cylinder are 7ft. 8in. long and 12in. 
diameter. The air pumps, of which there are two, are 
worked from the back slide of the low pressure cylinder, 
through double L lever of steel plates. This arrange- 
ment in large engines is a good one, as the work is di- 
vided between the forward and return strokes of the 


ines by yourself, and the boilers by the Oldham 
iler Works Company, I now beg to say that the fo}. 
lowing results have been obtained, viz.: Mean indicat. 
ed horse power, with four boilers at work, 1665°8 ; mean 
consumption of feed water per indicated horse power 
per hour, 15°38]b. ; mean consumption of coal per ip- 
dicated horse power per hour—with slack at 6s, 44, 
per ton, delivered in stokehole, 1°896 lb.; with superior 
coal, 1°697 Ib. The accuracy of these results was amply 
confirmed by various trials.” 

We give low a set of diagrams taken from thege 
engines, from which it will be seen that the distribg. 
tion of the steam is everything that could be desired, 
and considering the exceedingly low steam consump. 
tion, as shown by the figures, these diagrams are 
of much interest. eeu the diagram from the inter 
mediate receiver the fluctuation in the pressure is seen 
to be very small, the pressure scale being the same ag 
that of the low pressure diagrams. The receiver is of 
large size, but is little morethan a large pipe conneg- 
tion between the two cylinders. As well as the indi- 
cator diagrams, we give a reduced reproduction of the 
diagram from a speed recorder, showing the speed fora 
whole working day. From this the speed will be seen 
to be practically constant. 

The engine accessories are very complete, the main 
bearings being lubricated by means of pumps, which 
keep up a continual flow of oil over them and through 
funnel filters, the oil being caught and used over again, 
the consumption of castor oil for these two large bear- 
ings being very little per week. The cylinders are lu- 
bricated by sight feed lubricators placed on the steam 
pipes. The fly pulley can be turned by a steam bar- 
ring engine with automatic throwing out gear of 
Messrs. Wood's design. Our engraving gives an excel- 
lent idea of the general arrangement and design of 
parts of this fine engine. 

Messrs. Wood claim for the arrangement of valves 
underneath the cylinder many advantages, chief among 
these being compactness, diminished clearances, and 
superior lubrication. The first is evident on looking 
at the elevation of the cylinder, all the valve gear be- 
ing arranged below the cylinder, and the upper por- 
tion being left clear; the diminution of clearance fol- 
lows from the use of one port for steam and exhaust, 
and the superior lubrication from the fact that the 
lubricated steam, both in entering and leaving the 
cylinder, passes over both steam and exhaust valves, 
and so effectually covers their whole exposed surfaces 
with a film of oil. A 20 ton overhead traveler runs the 
whole length of the engine house.—Zhe Engineer. 


(Continued from SupPLEMENT, No. 633, page 10106.) 
AN INVESTIGATION INTO THE INTERNAL 
STRESSES OCCURRING IN CAST IRON 
AND STEEL. 


By General NICHOLAS KALAKOUTZEKY. 
No. Il. 


Method of Determining Internal Stresses, and the 
General Arrangement of the Work.—The following is 
the principle upon which I based my investigations 
into the internal stresses. Let us imagine a disk 
cut froma cylinder which is not subjected to ex- 
ternal pressures, but in which we suspect the existence 


all below the floor of the engine house, out of sight, | engines, and the two pumps balance each other. The|of internal stresses. If such exist, then they will vary 
EAI. 5.30 P.M 
lel 
SPEEQE RECORDER EDIAGRAMSY 
oan in magnitude according to the length of the radius at 
_ woner PRES the extremity of which they may be acting. These 
eoneR PRESD stresses give rise to pressures on the cylindrical surface, 
4 defined by the given radius, and they act internally in 
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AGRAMS=COW-PRESSURE CYEINDER 
DIAGRAMS FROM MESSRS. A. & A. CROMPTON’S 2,000 I. H.4P. COMPOUND ENGINES. 


a direction normal to this surface, and generally vary 
in value according to the position of the surface in the 
disk. If we cut out of this disk an external or an in- 
ternal ring, then, since the external pressure which 
acted on it in its previous state has been abolished by 
that ee an alteration in the length of radii will 
take place ; in other words, the disk and the ring will 
either contract or expand, and the amount of stress 
which existed in the disk previous to cutting out the 
ring will be determined by ascertaining the correspond- 
ing alteration in thedength of the radii. 

From the above statement of the fundamental prit- 
ciple, it follows that the work to be done consists in 
the accurate measurement of the variation in the 
length of radii caused by the removal of pressures br 
viously ‘existing in the metal of the disk. And as 
the molecular movement which takes place is always 
within the elastic limits, it follows that this move 
ment must manifest itself, both as to intensity an 
extent, in proportion to the elasticity of the metal. 
Thus, for instance, steel, under various conditions 0 
treatment, and cast iron, rapidly cooled after casting. 
suffer severe strains, while in the so-called soft metals, 
such as copper and some qualities of wrought iron, 
internal stresses cannot attain any considerable mag- 
nitude. We must also bear in mind that in the hard- 
est steel, elongation corresponding to the elastic limit 
does not exceed 0°0025, while in cast iron it rarely at 
tains 00008 ; hence the variations in length to beob- 
served and measured are exceedingly minute, and yet 
from these we have to compute the pressures and the 
existing internal stresses. It is evident therefore that 
measurements must be made with extreme eee 
for in the majority of cases we have to deal 
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absolute quantities not exceeding hundredths (;4,) of 
a millimeter. 

At first | used the cathetometers usually employed 
for determining elongation within the elastic limits of 
sainples tested for tensile strength in an ordinary ma- 
chine. In using these instruments it was necessary to 
tix the disks to be tested in a vertical position, and to 
employ two instruments, taking the readings on two 
scales. This caused so much trouble and inconvenience 
that the results of the first experiments had to be 
abandoned as unsatisfactory. At the close of the year 
1871 | designed an instrument specially adapted for the 
work in view. It was made for me by the late George 
Brauer, one of the best makers of instruments of pre- 
cision in Europe, The apparatus, a perspective view 
of which is given in Fig. 3, is very simple, and consists 
of a horizontal T-shaped beam, @, along which tra- 
verse slides fitted with clamp sockets, which support 
in a vertical position two microscopes, d, furnished 
with Ramsden’s micrometers. The clamps with the 
microscopes are free to slide along the beam, but when 
observations are being taken they are fixed immovably. 
The disk to be experimented upon is placed on a plat- 
form or table, b, which is capable of being either re- 
volved round its axis, to permit proper adjustment of 
the disk, or fixed immovably. The platform can also 
be moved longitudinally at right angles to the micro- 
scope rail by means of the serew, ¢, and it can be rais- 
ed or lowered by means of three screws placed under- 
neath. A seale is placed in a detached box, ¢c, secured 
to the same slide which carries the platform, }, and 
which can be brought into a position parallel to a line 
drawn through the optical axes of the microscopes. 
On commencing an experiment the upper surface of the 
disk is adjusted to the same level as the scale, to facili- 
tate which the platform on which the disk lies is lowered 
or raised, ‘The eye pieces of the microscopes are so adjust- 
ed that one division of the micrometer shall be equal to 
0001 millimeter, and this reading is verified at the com- 
meneement of each experiment. Ten-thousandths 
(0°0001) of a millimeter are estimated by inspecting ap- 
proximately the position of the divisions on the head 
of the micrometer screw relative to the index. When 
the disk is brought under the microscopes, and they 
are approximately adjusted over the points which de- 
termine the diameter to be measured, then the platform 
and the clamp sockets of the microscopes are fixed, 
and the final adjustment of the hairs over the points 
is performed by means of the micrometer screws. 
ter this the platform and disk are moved back, and by 
the same movement the seale is brought under the mi- 
croscopes. In order to repeat an observation already 
made, there is no need to alter the position of the mi- 
croscopes; it is sufficient to advance the disk once 
more, and afterward the scale. 

The scale used by me was divided into half-millime- 
ters, and verified by the Paris standard meter. 

The accuracy of the measurements made by means 
of my instrument would have been quite sufficient for 
the purpose, if all the observations could have been 
made at a constant temperature ; but with the climate 
of St. Petersburg this is very difficult to obtain, and in 
my case it was even impossible, because it was fre- 
quently necessary to transport the instrument from 
one workshop to another, and not all of them possess- 
ed arrangements for maintaining a constant tempera- 
ture. The variations of temperature, however, had a 
great influence on the accuracy of the results obtained, 
The measuring scale was of silver, and the disks ex- 
amined were mostly steel or cast iron. The coefficients 
of linear expansion of silver and steel are not the same, 
and as the correction for temperature depends upon 
the difference bet ween these coefficients, it was essential- 
ly necessary to determine their exact values. Por this 
purpose I consulted the works of well known scientists, 
such as Laplace, Lavoisier, Smeaton, Roy, Troughton, 
and others. I found that very few experiments had been 
made on the expansion of silver. Its coefficient of 
linear dilatation, as determined by various experiment- 
ers, ranges from 0°000019 to 0°000020826. The expansion 
of iron and steel has been more fully investigated, not- 
withstanding which there is even a greater variation 
in the values of the coefficients, viz., from 0°000009 to 
0°009012583. In the face of such discrepancies, | was 
obliged to undertake a series of rather extensive ex- 
periments, from which I have been led to adopt for 
my calculations the value 0°00001, as the difference be- 
tween the coefficients of expansion of silver and steel 
for 1 degree Centigrade. All the results given in the 
tables, which will appear in a subsequent impression, 
are corrected to 15 degrees Centigrade, 7. ¢., to the 
mean temperature at which the observations were 
made. 

I was not able to cut up the disks investigated into 
as many concentric rings as I would have wished, be- 
cause the width of the cuts made by the parting 
tool ranged from 2‘¢ to 4 millimeters in disks | inch 
thick. Usually from six to twelve concentric rings 
were obtained, the number varying according to the 
diameter of the disk and the thickness of metal ; 
but where the disks were small, or where the metal 
in the radial direction was thin, from two to four 
rings only were obtained, and even that with diffi- 
eulty. 

In every ring not less than four diameters were 
measured, and sometimes even six. These diameters 
always intersected at equal angles. 
the great number of measurements which were taken 
in each ring arose from the circumstance that not un- 
frequently the rings on being cut out assumed an 
elliptic form ; it was therefore necessary to eliminate 
the error arising from such distortion by means of ave- 
rage values obtained by measuring several diameters 
in the same ring, and this was the more necessary be- 
cause the major and minor axes of the ellipses in dif- 
ferent rings were found to vary in direction. 

Figs. 4, 5,6 show in what manner the disks were 
cut up and the diameters marked out. In the first set 
of experiments the disks were cut up at once into the 
full number of rings. In the second series the concen- 
trie rings cut out of the disk were turned and bored 
in a lathe, in order to ascertain whether they possessed 
any permanent internal stresses. A third set of expe- 
riments consisted in cutting the individual rings along 
one of the diameters—generally one lying between the 
diameters Nos. 1 and 2 on Figs. 5 and 6, or between the 
double line of points shown on Fig. 4 along diameter 

o. 1. In these experiments the greatest changes in 
the length of radii were observed. These were some- 
times so great that they exceeded the elongations cor- 


The necessity for |. 


of the changes was found to be 0°002. During these 
experiments there occurred several cases which afford- 
ed, one may say, ocular demonstration of the existence 
of energet® internal forces in the metal of a compara- 


tively thin ring. Thus, for instance, some rings, while 
being cut through transversely, contracted to such an 
extent as to jamb the cutting tool, and it was even ne- 
|cessary, in order to liberate it, to file out a piece of the 
metal. Several instances also occurred when the rings 
during the operation of cutting broke up spontane- 
ously in two, and even three places. Such was the 
case in the experiments with forged and hardened steel 
shell. 

Although this method of investigation brought to 


light very characteristic peculiarities, I did not con- 
| tinue it, chiefly because the rings on being cut through 
became greatly distorted, and were frequently irregu- 
|lar and wavy, which rendered the taking of the mea- 
| surements very complicated, while the results obtained 
| could not be used practically for want of a ready-inade 
| theory, to establish which fresh experiments would 
| have been necessary, and would only have diverted me 
from the main object in view. 

The method of investigation finally adopted was as 


Fig: 5 
DANI. 


| follows: I commenced by marking on the disks the 
number of rings which I intended to cut out, the dia- 
| meters along which I proposed to make my measure- 
| ments, and the points on each ring to be measured, and 
as it was difficult to make fine lineson steel or cast 


ineluding the time expended in cutting out the rip 
But notwithstanding the slow progress of the w 
this mode of proceeding is preferable to all others, be. 
cause itallows of a more exact determination of the 
pressures on the external and internal radii of the 
rings than any of the methods first described. 

When the method of successive cutting out of the 
rings is adopted, it is best to commence from the jp. 
side, because more accurate results are thus obtained 
than by cutting the rings from the outside, on account 
of the greater number of measurements being made op 
gradually increasing diameters. 

In all, 1 made eighty-seven experiments, of which 
the most characteristic are alone given. The table 
contain only the final results, which embrace all the 
data necessary for computation. I omit the preliming. 
ry details of the work, such as the readings of the mi. 
crometers, of temperature, ete. These data would not 
assist in the study of the subject, but would uselessly 
extend the tables. For those who desire to acquaint 
themselves with the details of the work and the vari. 
ous steps in the proceeding, I have compiled a com. 
plete table—see Experiment 79—which, in reality, is an 
exact copy of the journal kept during the experiments, 


The tables explain themselves sufficiently. I will only 

mention that in the third column, under the heading, 

| ** Change which has taken place,” is shown the absolute 

| difference between the diameters when first measured 

|and after their alteration. The sign +- (plus) signifies 

that the layer expanded, and — (minus) that it con- 
6 


tracted. The quantity — expresses the ratio of the al 


| teration produced, and is accompanied bya sign con- 
| trary to that which was given in the results of the 
|measurements. This indicates that, in reality, in the 
particular ring, previous to its being cut out of the 
disk, there existed a strain opposite in direction to the 
one found by experiment after the removal of the 
pressure on its external surface. 

In conclusion, a few words must be said in connection 
with certain circumstances which affect the accuracy of 
the observations. For example, the exactness of mea- 
surements depends greatly upon the fineness aud clear- 
ness of the points observed. These points were indi- 
cated on the disk by the intersection of two lines, one 
drawn radially throuch the center and the other con- 
centric with the circumference. To obtain lines which 
shall be very fine, and at the same time clearly visible, 
is not so easy as may appear at first sight. If the lines 
are thick and well detined, then the points of their in- 
tersection appear coarse under the microscope, and give 
rise to a certain error, when the cross hairs are adjust- 
ed to them. On the other hand, very fine lines become 
mixed up with others in their vicinity, and are difi- 
eult to distinguisk. It is very important, also, to pre- 
serve the lines marked out from becoming obliterated 
during the operation of cutting the disk into concen- 
trie rings. This occurred frequently, and several mea- 
surements had to be abandoned before the series was 
complete, in consequence. Sometimes the damage 
done was, in reality, extremely slight ; yet it very much 
hindered the progress of work, because it was so diff- 
cult to distinguish the points which had been marked 
out.—London Engineer. 


A CONTRIBUTION TO THE EARLY HISTORY 
OF THE STEAM ENGINE. 


In the Antiguites Russes of 1883 and 1884, Mr. N. 

Woieikoff publishes some interesting information con- 
cerning a steam engine of the Newcomen type con- 
| structed in Siberia, in the center of the metallurgical 
| industry of that country, in the middle of the last cen- 
tury, and a contemporaneous model of which still 
— in the Museum of Mines of the city of 
naul. 
In April, 1768, ‘* Schichtmeister ” Polsunoff, who was 
already renowned in Siberia as a manufacturer of 
machines for the mining industry, presented a letter to 
his superiors in which he described a machine designed 
for blowing the furnaces of smelting works, and asked 
the necessary aid to carry out the design. The project 
was presented to the empress, Catherine II., and was 
approved of by her. In December, 1765, the machine 
was already finished, but on the 16th of May, 1766, 
Polsunoff succumbed to an attack of pulmonary 
phthisis. Nevertheless, on the 20th of May of the 
same year, the machine was set in operation by Pol- 
sunoft’s two assistants. During two months there were 
smelted with its help 328,590 lb. of Smeinogovodsk sil- 
ver ore, that yielded 530 Ib. of silver. What afterward 
became of the machine is not known. 

Polsunoff’s memoir is very interesting, and shows 
that he thoroughly understood the science of his time. 
For 7 he discusses the theory of heat in thes 
terms: ‘Physicists are not as yet agreed as to t 
nature of heat (at least, we are not aware that they are 
Some consider it as a sort of subtile matter dissemr 
nated throughout all bodies. Others suppose that h 
is produced by friction and the rotary motions of t 
particles of bodies.” Afterward he correctly calculates 
the force of atmospheric pressure upon the pistons of 
engines, and remarks that the air under the piston will 
»roduce a contrary force whose value cannot be ¢ 
ated, as ‘“‘the expansion and elasticity of it have ®° 
determinate degree.” 

Polsunoff doubtless knew the Newcomen engine, but 
his own apparatus contained many original improve 
ments. The engine had two brass cylinders, polishe 
internally like glass, 9 feet in length and 9 inches ® 
diameter. Instead of a working beam, there was # 
large wheel over whose periphery ran the piste? 
chains. An endless chain transmitted wotion 
another wheel which actuated two forge 
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| responding to the elastic limit, as, for instance, in the | iron, I was compelled to insert silver plugs at the 
case of cast iron—see Table 8—where the relative value | points of measurement, and mark my fine lings on 
3 |them. I then determined and recorded the lengths of 
: the several diameters, after which the rings were cut 
aa out in succession, either from the outside of the disk op 
: else from the inside, and I then took measurements of 
all the diameters, both in the cut-out rings and algo jp 
E a 1 the uneut portions’ of the disk. This operation was 
| very slow and tedious, as may be inferred from the 
fos } | circumstance that in the investigation of a disk from 
‘ .” z . the inner tube of an 11 inch gun, which was cut into 
nt . he twelve rings, each of which was measured on four dig. 
i ! meters, more than 600 observations had to be made 
oe are and the experiment occupied more than two months 
} 
3 Fig. 4. 
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through the aid of chains. The boiler, which was of 
. had the form of a vertical cylinder, and was 

$i feet in diameter and 4 in height. It was provided 

with cocks for controlling the level of the water, and a 

afety valve. If, during the running of the engine, 


i> 
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consists of four of the usual spiral revolving knives with 
fixed blades. The beds or bars over which the cloth 
passes are so placed as to bring it into contact with the 
revolving knives. The drawing-throtgh rollers at the 
back of the machine, which draw the cloth over the 


STEAM ENGINE CONSTRUCTED 
BY T. POLSUNOFF. 


“the steam pressure becomes too great, the valve 

opens of itself.” 

_ Upon the whole, what Polsunoff did was merely to 

improve the Newcomen engine ; but the merit belongs 

to him by right of having been the first to apply this 

mg = industrial purposes.—Journ. Russian Phys. 
m. Soc. 


QUADRUPLE CROPPING MACHINE. 


I¥ one machine can be considered to be of more im- 
portance than another where all are most important, it 
is the cropping machine which forms one in a series of 


fini ; 
latest ng machines used in the woolen trade. 
essrs, A 


Works, pe F. Craig & Co., of the Caledonia Engine | toa perfect bearing surface with the edge of this flat 
uadruple cropper, which we 


The machine 


aisley, in their 
illustrate in the annexed engraving. 


IN 1768 AT BARNAUL (SIBERIA) 


(From a photograph of a still existing model.) 


beds and take it regularly through the machine, the 
tension apparatus and stretching bars at the front of 
the machine, which regulate the strain or tension upon 
the cloth and keep it from getting into folds and creases, 
with the rollers for guiding the cloth, are all arranged 
upon a strong framing which may be fixed down to a 
floor or stone foundation. The cropping or shearing 
apparatus consists of a cireular bar having a nuwber of 
steel blades wound spirally round it, and the edges of 
which project about one inch from the body of the bar. 
These steel edges revolve against astationary flat blade, 
the edge of which is placed exactly under or over the 


blade. 


center of the spiral knife, and which is hollowed out to 


IMPROVED CROPPING MACHINE. 


: 4 The|the radius of the cireular cutters, so that the latter 
e in these machines has been made by | work in perfect contact with it—in fact, are ground in- 


| 


The action, therefore, of the revolving spiral 
knives against the edge of the fixed blade is identical 


| with that of a ery of scissors; and as these knives re- 


volve atas of from 1,000 to 1,500 revolutions per 
minute, this action is continuous, so that no projecting 
thread or fiber can escape being cut as the cloth slowly 

— under and in contact with the edge of the fixed 
Bia e. 

There may be one, two, three, or four of these cutters, 
according to the nature of the goods being cropped. 
One knife is sufficient where the cloth is not wanted 
very closely cut and when one side only is required to 
be operated on. Two are required when both sides of 
the cloth are to be cropped alike, and in this case one 
of the revolving cutters has its fixed blade below and 
the other above, and the cloth passes under the one 
and over the other, thus pronenthag? the upper surface 
to the first and the under surface to the second blade. 
For linen goods the three blades are more generally 
adopted, the two first acting upon the surface or right 
side of the cloth, the other acting upon the reverse 
side, which is not wished to be so scrupulously clean- 
ed. If both sides of the cloth are required to be closely 
cropped, four spirals are employed, two acting on 
each side of the cloth. The beds or bars over which 
the cloth passes, and which keep it in contact with 
the cutters, are hollow on their surface, so that the 
cloth is strained over two edges, the cutter acting 
upon the cloth between them, which, therefore, has a 
little spring or elasticity which allows it to yield to 
the knife, should there beany inequality in its thick- 
ness or any little knots or lumps which, if cut off, would 
leave a hole in the cloth. The drawing-through rollers 
are three in number, one of them being covered with 
cloth or India rubber, so as to take better hold of the 
material operated on, and they are driven by wheels 
from the main shaft of the machine. These rollers nay 
be weighted at pleasure, so as to flatten or calender the 
goods to a certain extent if required. The tension ap- 
paratus consists of two round bars fixed to disks at 
either end. The cloth passes between these bars, 
which, being turned round, more or less vary the strain 
upon thecloth. From this the cloth passes over two iron 
rails, which tend further to tighten it up, and the edges 
of which take out any folds or creases which might 
occur. 

The knives are made £0 as to be raised from the cloth 
or lowered into contact with it at pleasure while the 
machine is in motion, and the amount of pressure which 
they will exert upon its surface is regulated and kept 
uniform by means of screws, the points of which bear 
down upon the frames of the machine when the knives 
are in position to cut. The pieces of cloth to be cropped 
are sewed end to end, so as to be drawn continuously 
through the machine, and, as the sewed part approaches 
each revolving spiral, the attendant, by means of a 
simple contrivance, raises it with its corresponding 
blade so as to allow the projecting sewed part to pass 
without being cut or injured. We may add that Messrs. 
Craig have for many years made a specialty of cropping 
machines, and there are now in use about 400 of these 
machines of their make.—Jron, 


MANUFACTURE OF STARCH, DEXTROSE, AND 
GLUCOSE. 
By Prof. L. V. WAGNER. 


Lron CvuISINIER, in Paris, has patented a process 
for the saccharification of starchy substances by means 
of a malt which has been allowed to germinate for from 
%to10days. The raw materials must be made perfectly 
neutral (acid free) by treatment with a 1 per cent. 
soda or 14 per cent. sulphuric acid solution, as the 
case may be. The grain after two or three days’ soak- 
ing in tepid water should contain not more than 40- 
45 per cent. water, and is then to be ground. The 


moist materials are made into a paste with an equal 
weight of water. and from 244 to 5 per cent. of malt is 
well kneaded into it, during an hour. The liquefac- 
tion of this paste takes place in an uprigbt cylinder, 
surrounded by a water bath which is maintained at 
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75° C., and provided with powerful stirring gear. The 
mash thus obtained is then heated ina steam jacket 
under a pressure of one atmosphere for about an hour, 
then cooled to 70° and treated with 1 to 2 per cent. 
of malt infusion. After two hours the solution is put 
through a filter press, cooled to 50° and treated with 
a 15 to 20 per cent. of malt infusion, which is added in 
5 per cent. lots every two hours. When “gy 
saccharified, the solution is heated again, filtered, 
and evaporated to 40° Be., and sold as concentrated 
beer wort. 

Joseph Franklin Gent, of Columbus, Ind., U. 8. A., 
frees maize from the germs and husks by steaming at 
160° in a special apparatus for not longer than one 
minute, and subsequently crushing and sifting the 
grain. The product thus obtained is then again 
steamed, pressed into thin cakes, and brought into 
the market under the name of *‘* Cerealine.” 

Messrs. Vierneisel K. Trohach and Alfred Cards 
recommend the following treatment of potatoes for 
the purpose of dextrose manufacture, avoiding thereby 
the necessity for the separation of the starch from 
the pulp, which always retains a considerable per- 
centage, and utilizing the roots at the period when 
they contaip most starch, viz., at their harvest time; 
thus avoiding also the loss of starch which stored 
potatoes always undergo. The potatoes are washed 
and ground, the paste put through a filter press, in 
which the cakes are well washed with a solution of cal- 
cium bisulphite, to prevent any fermentation, and then 
either dried for storing or worked up forthwith. The 
cakes, made into a suitable paste with water, are sac- 
charified under pressure by acid. The acid sugar so- 
lution is thereupon neutralized with ecalcie sulphite 
and chalk, put through a filter press, evaporated to 
30° B., again filter-pressed, and finally concentrated 
at 100° down to 35° B., for erystallization. The result- 
ing sugar when separated fron the molasses is ready 
for the usual processes of reerystallization. 

Thaddeus V. Korvins Sakovicz and David Rosen- 
blum, of Warsaw, produce erystallized grape sugar 
from ail sorts of starch by boiling 10 per cent. solutions 
of starch with certain quantities of sulphurie anhy- 
dride, which quantities vary from 4°9 per cent. with 
eleven hours’ boiling when working in open vessels to 
0°15 per cent. when the operation is conducted in a 
closed vessel and under a pressure of four atmospheres. 
The boiling in the first case lasts eleven hours, in the 
latter only four hours. Instead of using charcoal to 
decolorize the neutral sugar solution, it is cooled to 45 
and about 0°2 per cent. (on weight of starch) of per- 
manganate of potash added, whereby a brown precip- 
itate is formed, the solution after passing through the 
filter press being perfectly colorless. The crystalliza- 
tion is performed under vacuum, but the crystals van- 
not be readily freed from the mother liquor. 

Alf. Seyberlich, of Riga, and Alex. Trempedach, of 
Mitau, transform starch into sugar by the action of 
dilute nitric acid. The starch is made into a milk with 
water, and run into a dilute boiling solution of nitric 
acid, and boiled until ten drops of the solution added 
to 200 ¢. c. 96 percent. alcohol no longer produce any 
turbidity. The proportions used are 1,000 starch, 5| 
nitric acid, and 2,000 to 3,000 water. They then recom- 
mend that the solution be made distinetly alkaline by | 
the addition of sodium or potassium carbonate, there- | 
upon evaporated in the vacuum apparatus to 35-36 
Be., and allowed to crystallize. The crystals thus ob- | 
tained are well developed, and easily separated from 
the mother liquor.—Dingl. Polyt. J. 


LINSEED OIL.* 
By James C. 


THE supplies of flaxseed are chiefly from the United 
States, Russia, and India. As a rule, the colder the 
climate in which the seed is grown, the greater are the 
drying properties of the expressed oil; but, unfortu- 
nately, the worse is its color. There are two varieties | 
of seed, the white and the red, the former vielding oil 
more freely than the latter, giving two per cent. higher 
yield. The red seed always comes upon the market 
mixed with rape and other seeds, which naturally less- 
ens its value, 

Oil expressed from unripe seed is watery and unfit 
for use. Seed should always be kept from three to four 
months before crushing, as after this lapse of time a 
more abundant yield is obtained than when expres- 
sion takes place immediately after the harvest. The 
best oil is that ‘cold drawn.” It is paler, less odorous, 
and superior in every way to that obtained by heat. | 
By aid of a temperature of 200° F. and powerful and | 
long continued pressure as much as 28 per cent. of | 
good oil can be obtained. The Italian variety is said | 
to have a much more highly oleaginous seed than | 
the Russian. 

In Europe, carbon disulphide is sometimes used to | 
extract the last traces of the oil. Olive oil thus treated 
yields from two to four per cent. of the so-called pyrene | 
oil. In this country petroleum benzin is used on ac- | 
count of the lesser cost and danger ; but it is slower in | 
its action than carbdn disulphide. 

Taking thezerude oil as expressed, the processes of re- 
fining and clarifying it is first encountered. Speaking 
broadly, they may be divided into two parts, the me-| 
chanical and the chemical, although each is capable of 
many subdivisions. They have for their object the 
removal of extraneous matter incidental to the modes | 
of preparation and the removal of the resinous sub- | 
stances mixed with and dissolved in the oil, the latter | 
being known under the name of “ mucilage ” or | 
“mucus.” This is removed in a great measure by | 
allowing the raw oil to age in settling tanks, where the | 
mucilage is deposited, together with the extraneous | 
matters. The clear, supernatant oil is then drawn off 
the top. The oil should be stored for some weeks and 
even months, to allow these impurities to settle pro- 
perly. Roasting is sometimes practiced to destroy the 
gummy watter in the interior coat of the seed. 

Among the processes for the purification of linseed 
oil, are the acid and the alkali processes. Among the | 
former is Thenard’s, which is the one most universally | 
used. This consists in adding gradually from one to 
ame pee cent, of sulphuric acid to oil previously heated 
to | F., and mixing by constant agitation. When | 
the action of the acid is complete, the oil, after the | 
mixture has stood 24 hours, appears at the top as a 
clear liquid, but holding floceulent matter in suspen- 


® Read before the Chicage Chemical Society, Oct. 15, 1887. 


| this vessel to a temperature of 212° to 228°, the stirrer 


}and the heat and blowing kept up for from three to 


palmitic, and myristic. When mixed with fuming nitric 
acid, the oil is ignited. The .- gr. of pure boiled oil 
| varies between 0°939 and 0°950. he quality of this oil, 


|of an oil can be prolonged until it becomes a solid, 
|elastic mass, 


sion. A quantity of water, heated to 140° F., equal to 
two-thirds of the oil is added, and the mixture again 
agitated until it aequires a milky appearance. It 
is then allowed to settle a few days, when the clarified 
oil rises to the surface and the flocculent matter falls to 
the bottom with the acid liquor. The oil is then drawn 
off and well washed by agitation in another vessel, 
with half its bulk of warm water. Filtration is re- 
ous to make it perfectly clear. This is generally 
one through cloth. 

The acid process is efficient when well carried out, 
but it must be conducted within narrow limits, as the 
use of either too much or too little acid may spoil the 
product, an excess attacking the oil itself, and an in- 
sufficient quantity not completely removing the foreign 
matter. On this account, the alkali process is some- 
times preferred. Evrard’s process, which is, however, 
chiefly applied to colza and rape oils, is as follows : 

The oil (which should be cold-drawn or ata slight 
heat) is well mixed with a solution of caustic soda or 
potash and allowed to settle. The neutral oil floats on 
the alkaline liquid, a mixed emulsion intervening. The 
alkaline liquid is drawn off and filtered. The oil puri- 
fied by this method is superior to that obtained from 
the acid treatment. 

A much simpler alkaline method adopted in Italy for 
olive oilis to add 400 grammes of ammonia diluted 
with twice its bulk of water to every 1,000 kilos of oil, 
agitating thoroughly and allowing to stand three days, 
then decanting and filtering. 

All oil to be used for varnish, or for boiled oil, should 
be chosen as new, sweet, and as free from rancidity as 
possible, and should be immediately clarified and 
allowed to settle for a few months before being used, so | 
as to deposit mucus impurities and the substance used 
in clarifying it. Raw oil intended for making pale 
boiled linseed oil or varnish should havea sp. gr. of 
at least 0 935, as a lower gravity is a probable indica- 
tion of contamination of oil from foreign seeds. 
Gummy and wucus matters, water, saline substances, 
ete., derived from the seed during expression, make the 
oil turbid, and, moreover, induce a kind of rancid fer- 
mentation, greatly impair the keeping quality of the 
oil, and also hinder its drying. 

The simplest of all processes for treating oil consists 
in heating the oil slowly up to about 500° F., either 
alone or with caustic lime, calcined magnesia, carbonate 
of lime or magnesia, in the proportion of 1 to 5 parts in 
1,000, and keeping it at that temperature for one or two | 
hours, then allowing it to cool uncovered and undis- | 
turbed. The oil should then be transferred to a settling 
tank to deposit and clarify. When thus freed from the 
seed impurties, the oil will not become rancid easily, and 
will improve by storing, becoming more pale, transpar- 
ent, and drying in proportion to its age. 

For boiling oil a copper or enameled kettle or tank 


is used. It is generally furnished with a mechanical 
stirrer, and is capable of being raised to the required 
temperature by a steam jacket orcoil. Air is either 
blown across the heated surface or forced through the | 
heated oil from a ring of pipe or some similar contriv- | 
ance at the bottom of the kettle, the air being thus 
intimately mixed with the oil, which is heated in| 


put in action, the driers (ground in oil to the utmost | 
possible fineness) are gradually added, and when 


| thoroughly mixed with the oil, the airis turned on, be- | } 
| forms a thick, semi-solid mass, while raw oil forms two 


ing blown through the mass with powerful agitation, 


four hours,or until the oil, from the appearance of 
samples taken from time to time, is shown to be suffi- 
ciently boiled. Several modifications in the method of 
boiling, mixing driers, etc., are made by different man- 
ufacturers, 

Driers are substances incorporated with drying oils to 
increase their power of absorbing the oxygen of the air, 
and so cause them to dry more rapidly. The only ones 


whose reputations have survived to the present day are | 


|the oxides and other compounds of lead and man- 


ganese. The fungtion of a drier is to act as a carrier | 
of the atmospheric oxygen to the molecule of oil in its | 
immediate neighborhood. The action should be, so to 

speak, regenerative and continuous. Each molecule 

or drier, after giving up some of the oxygen it con- 

tains, is reduced to a lower degree of oxygenation. On 

exposure to the air it immediately returns to its highest 

state, through absorption of oxygen from the air, ready 

to impart fresh quantities of oxygen to the oil. This 

is continued indefinitely. Oxide of manganese pos- 

sesses this power toa high degree. Less than one per 

cent, is used to make a pale drying oi]. Lead oxides in 

quantities exceeding five parts in 1,000 give very dark 

colored oils when heated toa high temperature, as in 

ordinary boiled oil. Red lead is generally used for this 

oil on account of low cost. Used alone, it is capable of 

giving the oil the highest possible drying power, but it 

also gives it a very deep brown color. 

The amount and nature of a drier ina pure oil is 
easily and quickly determined by burning say 25 
grammes of the boiled oil in a porcelain crucible. The 
weight of the residue (ash) will be the amount of the 
drier in the oil. The nature of the driers can be deter- 
mined by a qualitative examination of this ash. 

Characteristics: Freshly expressed linseed oil is a 
brownish green or yellowish liquid, having a bitter acrid 
taste and smells of flaxseed. The sp. gr. of pure raw 
oil varies between 0°932 and 0°937. At 0° F. all solid fat 
separates out from the oil, while at 17°5° it solidifies to 
a yellowish mass, The oil dissolves in 1°6 parts of ether 
and in 40 parts alcohol at ordinary temperatures. The 
fresh oil saponifies readily, giving a yellow and very 
soft soap with soda. By saponification it yields 95 per 
cent. of fatty acids, chiefly linoleic, with a little oleic, 


uantity and 
iling, ete., 
The boiling 


even when pure, varies greatly. ne 
nature of the driers, the amount of 
naturally affect the character of the oil. 


ring a remarkable resemblance to 
India rubber. For the manufacture of printers’ ink, 
the oil is boiled until strings drawn from it leave no 
greasy stain upon paper. 

For perfectly satisfactory methods of testing and 
examining linseed oil, there is still much to be desired. 
Several tests for adulterations are in vogue, some of 
which are given. For the detection of fish oil in a sus- 


pected sample, pass a current of chlorine gas through 
the oil for three quarters of an hour. A darkening is 


—— 
produced when fish oil is present. If a red emulsion jg 
produced by boiling the oil with a solution of 
soda, 1°34 sp. gr. fish oil is present. Pure oi] thus 
treated gives a yellowish emulsion. 

The color produced by treating a small quan 
oil with sulphuric acid is a useful indication of 
purity of linseed oil. About 20 drops of oil are t 
on a white tile, with a drop or two of acid, and the cole 
observed hoth before and after stirring. When resin op 
fish oil is present, a reddish brown mixture is formeg 
For the detection of resin boil the oil for a few minutes 
with aleohol, pour off the supernatant liquid and agg 
to it asmal! quantity of an alcoholic solution of 
of lead. If pure, a slight turbidity only is prody 
while if resin be present a dense floceulent precip; 
is formed. Resin may also be detected by the smelf of 
the oil when burned. Hydrocarbon oil adulterations 
are detected by saponification of the samples with 
alcoholic potash and subsequent separation. The 
halogen absorption test is often used with very goog 
results for the examination of linseed oil. A very goog 
test of boiled oil is made by noting the time requireg 
for it to dry on a glass plate. The plate is flooded, helg 
perpendicularly for five minutes to drain, and they 
placed in a perfectly horizontal position. By treat 
a sample of known purify similarly, and using this agg 
standard, a very good idea is obtained as to the drying 
qualities of the oil under investigation. 

he sp. gr. of the oil is useless as indicative of purity, 
as by a skillful mixture of oils of higher and lower 
gravities, an extensively adulterated oil can be ob 
tained, having the proper density. 

A simple practical test for boiled oils is to mix the 
sample with three or four times its weight of dry pure 
white lead, and cover evenly a plate of glass or metal 
with the paint. An exactly similar experiment is made 
at the same time with a standard sample and the ratio 
of —— and the characters of the coatings compared. 
Small quantities of non-drying oils retard the drying 
considerably. 

The best oil is that which dries quickest, and gives 
at the same time a good ultimate product. Dried oij 
may be tough, very elastic, hard or brittle, or rotten, 
An oil giving a hard surface is always to be preferred, 

Filtering a boiled oil is sometimes resorted to by the 
inexperienced, to separate impurities before using; 
but unless the oil is protected from the oxidizing aetion 
of the air, the characteristic oxidation products are con- 
stantly formed, and these, after some of the oil has 
p through, clog the filter, and finally are left be 
hind as a tough, elastic, translucent scum. After boiled 
linseed oil has stood exposed to the air for some time 
it becomes viscid, or, as it is termed, ** fat,’’ and is then 
unfit for use in paint. 

As it is sometimes necessary to distinguish off-hand 
raw from boiled linseed oil, and vice versa, a few 
simple and rapid methods are given forso doing. Allow 
a drop or two of each kind of oil to fall upon glass 
plates, and then smear with the finger into a circle ofa 
couple of inches in diameter; at the end of two or 
three hours the raw oil will be still greasy, while the 
boiled oil will be sticky or ‘‘ tacky.” Samples of each 
in narrow test tubes are examined by transmitted light; 
the boiled oil appears brown, and the ordinary, yel- 
low. Shake 12 ¢. ¢. of oil with 6 c. ¢. of a solution of 
glycerin containing lead oxide in a test tube, and then 
place in boiling water for three minutes ; the boiled oil 
_— layers, the lower one as clear as water.— Western 

; 


ggist. 


COMPOSITE PHOTOGRAPHY.* 
By ELLERSLIE WALLACE. 


Out of the mixed mass of matter that modern photo 
graphy presents to us, there are some things that 
would be better suppressed altogether. It isa matter for 
great regret that considerable numbers of those prat 
ticing our beautiful art do not scruple to lower it to 
absolute quackery, sometimes to revolting indeceney, 
often to the multiplication of ‘* cheap and nasty ” forms 
of design, and still oftener to silly pastime or childish 
absurdity. 

With many persons, indeed, the idea seems to be to 
pursue photography in any and all ways rather than 
the legitimate ones that have rendered it so useful to 
the world and so universally and justly admired. 

Ido not propose to enter at any length intoa subject 
like this, must have forced itself upon the attem 
tion of every thinking man who has any interest @ 
the camera, but there is one of these absurd quacke 
ies that seems to be commanding the serious attention 
of people of education and attainments, and who really 
ought to know better. I allude to the so-called com- 
posite photography. Now, it is well to have the desire 
of hearing new things and seeing new inventions, but 
when I see such nonsense as composite photogra) 
gravely treated in a scientific manner by respecta 
magazines that are read by the general public, 
even by the journals devoted to our own craft, I cat 
only say that it makes me feel very sorry. 

Composite photography claims to give a normal t 
or average of the features of a number of individuals; 
and the assertion that each exposure on each sub, 
partially destroys and partially adds to the image pre 
viousiy existing on the film is just one of those nicely 
contrived bits of scientific speciousness that can easly 
hoodwink any one not understanding the techn 
part of photography. 

If a draughtsman draws on a rough-cast wall witha 
chunk of dry color, or on the smoothest of paper with 
the finest pointed pen, he makes an outline in either 
case, because he attempts the representation of ome 
object in one place. Composite photography attemp# 
the representation of an unlimited number of ob 
in one place. 

For the same reason we cannot com the “ cout 

ite” with a badly focused plate, because the lattet 
=~ an outline, no matter if the image be hardly dis 
cernible. The form is there, just as it is inthe drawit 
on the rough cast wall. 

A “composite photograph” cannot claim to be Pr 
picture in any sense, because it is merely a jum! 
uncom bined outlines. The expression uncombi 
is a foclish one, perhaps, for two outlines cannot be 
combined upon the same surface or film. Let us take 
an example from the stereoscope ; here we have t¥? 
images the same in size to a hair's breadth, just s™ 


* Read before the Photographic Society of Philadelphia. 
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of any object are when formed upon the retine 
. a two eyes. The only difference between them is 
that the one taken with the right hand lens gives a 
rather more right hand view of the subject, and vice 
. How are they made to combine? By means of 
an ingenious and beautiful optical trick, which diverts 
the’ lines of vision from their normal course ; the pris- 
woid lenses of the stereoscope acting in the one case, 
and the simultaneous outward rotation of both eye- 
pails (binocular vision) in the other, when no stereo- 
is used. But suppose we cut a stereo slide in 
two, set each half in a magic lantern, and project the 
jmages On a screen. We may make them overlap, 
but have we combined them to a perfect whole? No. 
§o, in the stereoscope, the images are but apparently 
combined, and the very beauty of the quasi-solid pic- 
ture lies in its unreality. : 
| take it that any picture, to be a picture, must have 
an outline. A “composite” of ten sitters made with 
ten exposures, no matter how carefully graded, would 
have ten outlines. Is it therefore ten times a picture ? 
It certainly is not ten pictures. We have ten outlines, 
each striving for the dominant position, but we know 
that two outlines can no more occupy the same place 
than two bodies can occupy the same space at the 
saine time 
Let us sup that twenty of us here to-night were 
walking on a beach by the sea, and that we determined 
to make a ‘“‘composite” footprint in the wet sand. 
The form of each man’s foot would then be impressed 
over the preceding one, and the result would be a lot 
of tramped-down sand, nothing more. This compari- 
son with composite photography is a perfectly just 


one. 

Again, suppose the twenty of us were to commission 
one of the number to go to some sculptor or munider 
in clay and request him to make a ‘‘ composite ” statue 
of the whole twenty, with or without twenty outlines. 
1 should rather expect him to be answered as the old 
gentleman was who desired the London judge to re- 
cover his stolen property for him: “Sir, does your 
mother know you're out?” This comparison also is a 
perfectly just one. 

I have recently seen a ‘type composite” of some 
seventy lady graduates of a well known college. 
While I am hardly in a position to judge of the intel- 
lectual average thus shown, I can say that a phreno- 
logist would look in vain for the bump of —— 
ecommon-sensitiveness or chemico-physical comprehen- 
siveness. 

If I am entirely wrong in this matter, however, and 
if such a thing as —— photography really exists, 
I shall always regret that I did not attempt some ** com- 
posites” of European scenery when abroad with my 
camera a few yearsago. ‘‘ What is sauce for the goose 
is sauce for the gander,” and if it is possible to make a 
composite of eighty different people, it is also possible 
to make a composite of eighty different outdoor views. 
I think that a composite of English cathedrals, Dutch 
windmills, French and German timbered houses, Bel- 
gian hotels de ville, Swiss mountain scenery, and street 
views pretty much everywhere, all combined on the 
same plate, would have been a new departure in land- 
seape photography, and, together with the portrait 
composites, might well bear the title, ** Confusion now 
hath made his masterpiece.” 

Constantin, in his ** [dees Italiennes,” has remarked 
that the ‘ rapidity and suddenness of movement on the 
part of thedemoniac sprite in Raphael's great picture 
of the transfiguration is such that the draperies have 
not had time to follow the impulse of her body. She 
alone has turned. Her girdle, left behind by her move- 
ment, seems to be placed awry, but wesoon perceive 
that if she were to return to her former attitude it 
would be in its proper place. 

“Raphael always leaves around his figures tl e space 
hecessary to indicate the position in which they were 
at the moment immediately preceding that chosen for 
the painting, and is very careful not to fill up the void 
which they have thus left behind them.” 

It is thus that Raphael succeeds in giving a sponta- 
vv of movement to his figures which is truly mar- 
velous. 

Instances may likewise be selected from the work 
of Titian, in which the expression of motion and 
animation is masterly portrayed. In a small picture 


‘it will extend further, toward the 


rounded dots of the reflected image of the sun, which 
become elongated by the motion of the waves, and are 
so impressed upon the vision. 

Waves breaking upon the beach, for similar reasons, 
appear different to our eyes from instantaneous photo- 
graphs of the same. The impression we receive is not 
of any single wave movement, but the resultant of the 
rapid presentation of several novements in succession. 

he opacity of instantaneous pictures of waterfalls, 
and the transparency of real ones, is no doubt due to 
= samme physiological cause, the infirmity of our 
vision. 


THE COLONIAL SECTION OF THE FRENCH 
EXHIBITION OF 1889. 


WorRK on the Colonial Exhibition is to be begun in 
a few weeks on the Esplanade des Invalides. At 
present, the exhibition takes in the entire width of the 
esplanade for a length of 315 feet. It is probable that 
y quay, the 


present plan not yet including the Tunisian and Alge- 
rian exhibition, which will occupy quite a wide area. 
Messrs. Sauvestre and Des Tournelies, who drew the 
plan which we reproduce in Fig. 2, and under whose 
direction the entire work will be executed, are endeavy- 
oring to give the exhibition the greatest extension pos- 
sible. It is by placing before our eyes our numerous 
colonial riches, by showing the easy life that our 
colonists lead, and by proving to us that the climate of 
the greater part of our colonies is not so unhealthy as 
has been stated, nor the peoples who inhabit them so 
ferocious, that the taste for colonizing will be usefully 
developed. 

The best means of reaching such a result is an in- 
structive exhibition. So the present exhibition will 
assuredly be full of interest. 

The architects’ general plan includes a central build- 


representing Christ appearing to Mary in the garden, | 


the Magdalene seems fairly to ran forward to weet the 
Lord, her streaming hair and drapery denoting the 
utmost rapidity of her action, while the hand stretched 
forth to touch him is suddenly checked at his words, 
“Touch me not.” 

I have never had the privilege of seeing the originals 
of the great masters, but even in the engravings and 
photographs which are accessible, the indescribable 

arm of motion is not lost. 

Michael Angelo is rich in illustration of the power 
of conveying the idea of motion by suggestion, but we 
have cited enough examples. Even among the minor 
painters we often find the previous position of the figure 
indicated by the manner in which the apparel is disposed 
upon the ground or upon some near object, as a chair. 
We believe the photographer would do well to imitate 
the painter, if he desires to convey the idea of motion 
Tather than to seek for action in transient attitude 
alone. A transient attitude may indeed be depicted, 
but not isolated. There must be other objects asso- 
ciated to carry the mind from one phase to the other, 
80 that it weary not of the perpetual sameness. 

How insupportable do those statues of heroes become 
upon their solitary pedestals, with arms extended, for 
ever holding the uplifted sword! Yet place the same 

ure in the same attitude in a painting, marching at 
the head of a victorious host, with streaming banners, 
and the mind has something to turn to for relief, and 

€ impression is strong and full of enjoyment. 

With what delight have we watched the wonderful 

lay of sunlight upon the waves of the ocean, and 

W grieved, because our cameras gave so tame a ren- 
dering of their beauty. 

hat has the sensitive film, with its quick percep- 

shi . done'with those peculiar elongated streaks of ever 

Siting light, which excite the rapture of the painter, 

ich not only interpret the form of the large masses 

water, but also the shape of the tiny waves sculp- 

upon their surface ? 

oe instantaneous photograph reveals the truth, 

the vision of beauty has vanished. ‘ Truth is not 

uty” here. In the photograph, in place of the 

t presented to our vision, we have but- 


lines of Ligh 


ing (Fig. 1) in which will be exhibited the manufactured 
products of our various colonies, without distinction of 
derivation. This building will not bea reproduction of 
any special architecture, but rather a wixture of the 
architectures of all the colonies. Here is a programme 
difficult to carry out, and here are many interests to be 
age for, for it is necessary that each colony shall 

recognized in the arrangement of this palace. 


it their study to reproduce any 
given type, the architects have yet fully succeeded in 
giving their work a certain exotic character. This 
pavilion will be of iron, brick, and glazed tiles, and the 
roof of many-colored tiles. 

All around the central pavilion will stand numer- 
ous villages, with their dwellings and _ inhabi- 
tants. Everything will be reproduced therein with 
the most serupulous accuracy. The huts of the 
various peoples will. be brought from their native 
country by the aborigines themselves, and be set 
up by them. Here will be a Senegal village hidden 
among trees, and, in the center of it, the tower of 
Salde, faithfully reproduced with material brought from 
Senegal ; and there wiil be a Pahouin village with huts 
in line like so many cages; and farther along will be 
an Alfourou village, surrounded with high palisades, 
whose separated huts will recall the beehives of our 
gardens. 

In all these villages the aborigines will be continuous- 
ly working at their occupations, just as they would do 


While not 


Fie. 1.—CENTRAL PAVILION OF THE FRENCH COLONIAL EXHIBITION OF 1889, 


in their own country. In the midst of the villages, in 
which good order will be preserved by detachments of 
Tonkin, Annamite,and Singhalese troops, will be locat- 
ed numerous shops forthe sale of small wares manu- 
factured by the natives under the eyes of the visitors, 
refreshment rooms,and restaurants served in the fashion 
of the country. One of the most curious of these es- 
tablishments will be the Creole restaurant, all of one 
portion of which will be built upon piles. The Angkor 
pagoda seen in the plan will be constructed at the 
expense of the King of Angkor, who proposes to in- 
habit it with numerous attendants during his stay 
pone us. 

Cochin China will have a special exhibition, establish- 
ed in a magnificent reproduction of a temple of the 
Desert of the Tombs. 

pposite the entrance of the central pavilion there 
will stand a Tonkin gate of quite a peculiar character. 
This will be sent from Tonkin a few weeks previous to 
the opening of the exhibition. To the right and left of 
this entrance will extend lakes on which Tonkin 
sampans will sail. 

The aboriginal villages will be grouped as follows : to 
the right of the central pavilion, Africa and Oceanica ; 
to the left, America and Asia.—Le Genie Civil. 
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Fie. 2—GENERAL PLAN OF THE COLONIAL EXHIBITION: 
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(Continued from Surriement, No. 633, p. 10110.) 
ELEMENTS OF ARCHITECTURAL DESIGN.* 
By.H. H. STATHAM. 


LECTURE II, 


In the previous lecture reference was made to the 
influence of the roofing of a building upon the sub- 
structure, and it was pointed out generally how the 
walls must be cunend and massed in reference to the 
manner and the positions in which the principal weight 
of the roof came on them. Considering this more 
specially, we may say that all roofing may be classed 
constructively under two heads: That which consists 
in covering a space by a beam laid across from one 
point of support to another, and which, therefore, ex- 
ercises a simple vertical pressure on the walls, and that 
which consists in an arrangement of stones or other 
similar material in the form of an arch, which exercises 
an outward thrust upon the walls in a manner to be 
considered in our next lecture. In Mr. Garbett’s little 
book on the * Principles of Design in Architecture,” a 
work containing more real thought on the subject in 
proportion to its size than any other architectural 
treatise 1am acquainted with, it has been attempted 
to show that there is a third principle, which the 
author says is destined to produce the architecture of 
the future, viz.: The arch with its points of ae 
confined by a cross tie of iron or other tensile material, 
so that the tie rod holds the arch together, and re- 
ceives the thrust of it, which would otherwise be con- 
veyed to the walls. I think, however, that we can 
hardly accept this view of the arch and tie asa sepa- 
rate constructive principle in architecture, influencing 
style, because, in reality, such an arch, so far as its 
bearing on the substructure is concerned, is only a 
more complex form of beam, exercising a purely verti- 
eal pressure on the walls. There are other complex 
forms of beams, which all come under the same cate- 
gory in an architectura! sense, being a method of fram- 
ing timbers or other materials together so as to mutu- 
ally support each other, and to bridge over a larger 
space with less bulk of material than conld be achieved 
by merely using the material in the simple form of a 
single beam. his is accomplished by the principle of 
the truss, which is so important a feature in roofing 
construction, and in bridging over spaces generally, 
that a brief explanation of it will be desirable before 
proceeding with our subject. 

If we suppose a set of stone lintels laid across from 
one column to another, as in Fig. 35 (which is the typi- 
eal Greek construction), the pressure of the wall above 
them, which operates in the same way as a weight 
hung to them and pulling them down, is acting direct- 
ly across the line of the longer axis of the lintel, tend- 
ing to break it in two across the middle, in other 
words, it is subjected to what is spoken of as * cross 
strain.” This is the most disadvantageous strain to 
which a piece of material of the shape and consistency 
of a stone lintel can be subjected. In plain words, it is 
more easily broken that way than any other ; and 
though the strain upon it is much less when the pressure 
is‘distributed over the whole surface of the lintel, instead 
of being applied at one point only, as in the diagram, 
still a stone lintel subjected to that kind of pressure 
can only carry over a small space, and 
in columnar architecture of this type the distance be- 
tween the columns is limited to the small distance 
which can be bridged over by a stone lintel. If we 
take a wooden lintel (Fig. 36), we can carry over a 
larger space, because wood, being a fibrous material, 
has more cohesion, and is less easily rent asunder than 
a granular material like stone. This fact is alluded to 
by Vitruvius asinfluencing the architectural arran; 
ment of temples in which wooden lintels are used. » 4 
roofing over large spaces, however, we can get no beam 
of timber which will carry over the whole space with- 
out bending with its own weight; and if we could pro- 
cure pieces of timber of such size and depth as not 
to do so, they would be enormously heavy and un- 
wieldy. If we take two pieces and let them lean 
against each other in the center, their feet abutting 
against the wall (Fig. 37), we get a step farther, but we 
have now the disadvantge that the weight of the two 
beanis meeting at A is transformed into a pressure ogt- 
ward against the walls, in the direction shown by the 
arrows, tending to push the walls out, and thereby let 
the center, A, drop. If, instead of fixing the beams 
directly upon the walls, we let them into a horizontal 
beam, B, we have got rid of the outward thrust on the 
walls, and the whole now only acts vertically, in the 
same way as the ordinary beam, but we have still the 
same tendency of the cross beam to bend by its own 
weight, in the direction of the dotted lines at'B, and 
the only advantage we have so far got is that we have 
secured the oy form necessary for a roof, without 
its exercising the same outward pressure on the walls 
as in Fig. 37. Still, when B begins to sink, the tend- 
ency will be again for the construction to sink inside 
the walls, and press them outward. But if, instead of 
merely letting the two sloping pieces meet at the top, 
we place between them a vertical piece, C (Fig. 39), so 
cut that it shall be clipped between the tops of the two 
sloping pieces, we can then, by means of this vertical 
piece (called the “‘ king post”), hold up the middle of 
the horizontal beam (called the ‘tie beam”) and give 
it support against sinking. All the four pieces in the 
construction are now, so to speak, jammed together | 
immovably. The feet of the sloping pieces (‘“ rafters ”) 
are fixed immovably in the substance of the tie beam, 
the heads are jammed together against the king post, 
and cannot sink unless the tie beam.sinks and draws 
down the whole construction, and the tie beam is pre- 
vented from sinking by being held up to the king post, 
to the post of which it is attached by an iron strap, or 
other method. The thing is really, it will be observed, 


an opposition of pressures, which neutralize each other. 
The sloping rafters are in compression in the direction 
of their length, the king post is in a state of tension, or | 
resistance to a pulling strain, holding up in the center | 
the tie beam, which at its extremities holds the feet | 
of the rafters. The tie beam itself is under a tension | 
strain, for it is pulled apart by the thrust of the rafters, | 
thus again opposing the compression strain on the | 
rafters ; and though it is still subject to the downward 

cross strain arising from its own weight and tending | 
to make it sink in the middle, this is neutralized by a! 
corresponding upward cross strain from the pull of the 

* Delivered before the Society of 7. 
the Jowrne? of the Society, y of Arts, London, December 5, 1887. From 


| Adelphi quarter, in which the Society of Arts has its 


king post. When the roof gets to such a size that the | 
rafters in their turn have the same tendency to bend 
from their own weight, a fresh member is introduced | 
in the shape of the strut (E E), which is in compression 
and is held up by the opposing tension of the king por 
on which it is footed, while it holds up the middle of 
the rafter. The same principle may be carried into 
further elaboration by the introduction of fresh mem- 
bers of tension and compression as the span gets larger, 
and the stains on the separate portions more important 
and complicated, always on the principle of compen- 
sating strains in compression and tension to neutralize 
each other, and the forces exercised all acting within 
and limited to the structure itself, so that its only ac- 
tion on the walls is by the single weight.of the com- 
bined pieces. Such a structure, however complicated 
in itself, is in its effect on architectural design only 
a beam—it belongs to trabeated construction (trabes 
= a beam), and so does the much lighter and airy-look- 
ing form of the iron truss, which, far as it is in appear- 
ance from the beam in its single form, fulfills just the 
same architectural function. 

We have then before us two main systems of con- 
struction, the beam and the arch, each of which influ-| 


architecture is only fully and completely dey 
when it shows not only decorative consistency of 

but when a uniform system of construction is 
throughout the building, and that system is fully 
consistently expressed in the design; and where {eq 
tures are admitted which in their apparent exp 
contradict the real fact of construction, the style & 
false and incomplete. 

We shall find that these qualities both of true ang 
of false style can be illustrated pene fully from 
types of existing architecture ; and though it might be 

ible to illustrate the trabeated and arcuated styles 

y building up a form of architectural design based 
on a pure theory, it is much easier, and certainly mogs 
instructive, to derive the illustration from styles whieh 
have existed, as in that case we not only illustrate the 
immediate subject in band, but gain at the same time 
an insight into the historical relation of various arebj. 
tectural features, which is in itself a matter of consi¢ 
erable interest, and serves to illustrate further the 
manner in which architectural ideas have been deve}. 
oped. I therefore propose in this and the following 
lecture to illustrate the architectural treatment of the 

and systems of construction by the 


35 


| 


i 


ences differently the arrangement of the plan, and each 
of which has its influence on style: and here may be 
the fitting place to devote a word to the question of 
what this expression “style” in architecture really 
means. I should define architectural style as imply- 
ing a uniform system of construction, and the consist- 
ent expression of that construction in the design, ecom- 
bined with a consistency in regard to feeling, seale, 
and general treatment of the details, with suitability 
to their position. This latter desideratum may in itself 
go far to create the impression of style, even when the 
— of construction is not entirely consistent. 

he Brothers Adam, for instance, who built the 


home, oy have the credit of having invented or de- 
bye es if not quite a style, at least what may be called 
a sub-style, a treatment of classical detail which was 
new at the time, and which has the merit of general 
consistency of manner and feeling in the details. We 
can illustrate true style, too, in very simple objects of 
everyday use, if their forms and decorative treatment 
are upon construction and use ; for the element 


which we recognize as style is evident even in the har- 
mony and consistency of decorative treatment, so long 
as there is nothing in the constructive material which 
ecorative consistency. But style in 


clashes with the 


consideration of the Greek and Gothie styles, whieh 
are respectively the most complete types of architec 
tural treatment of those two systems of construction. 

The statical condition, then, of an architectural style 
founded on the lintel system of construction is one @ 
which all the strains on the supported portions are 
cross strains, all the pressures on the supporting por 
tions are simple vertical pressures. 

Accordingly, it is into these two main elements that 
the design of Greek architecture is resolved ; it com 
sists of the column, which is the support against vertt 

pressure, and the horizontal portion or “ enta 
ture,” as it is technically called. is laid across from 
column to column. It is true that in the actual G 
architecture there is an apartment within the cold 
nade, built up with solid walls; but the constructiv® 
problem is here just the same. The wall is a com 
tinuous column, the roof is the lintel portion resting 
upon it; and esthetically, to the Greek mind, 
column and its entablature, the outer ordinance of the 
building, seem to have been practically the architee 
ture ; the walled portion or cella was architecturally 
of only secondary account. ; 

The main portions of the Greek Doric order, whieh 
we will first consider, as being the most complete and 
refined in detail, as well as the most dignified in expre™ 
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gon, of all the colonnaded styles, are shown in Fig. 41, 
showing the capital and base of the column only, and 
in Fig. 34, on a smaller seale, and with the 
shown at fall length. It consists, as will be 

geen, of a column of rather massive proportions, with 
the sides channeled or fluted so as to give a series of 


vertical edges and shadqw lines on the surface, with a roof. 


ital consisti of a;thick massive abacus, and a 


or iding of finely curved outline beneath it; this) 
moulding is separated from the column by a group of | 


horizontal lines formed by a series of delicate mould- 
earried round the neck of the column, and with a 
gubeidiary line formed beneath them a little wa 
down the shaft of the column, by a narrow little nie 
eat‘into it and giving a thin black shadow line round 
itat this point. The entablature, above the column, is 
divided into three portions, which are labeled with 
their names in Fig. 54; first the architrave, or princi- 
beam, with a perfectly plain surface, except for the 
jection or fillet on the upper edge of it; next the 


columns. of which we will speak presently); for each 
trigly ph, similarly, there are two mutules, one over the 
triglyph and one over the interspace. At the sides of 
the building the cornice is horizontal ; at the ends, as| 
shown in Fig. 48, the upper member assumes a raking 
line, following and expressing the sloping line of the 


This is the form in which the Dorie style appears in 
its perfection in the Periclean era of Greece, about 
four centuries and a half B. C. Whence were these 
details originally derived ? 

It has been commonly held that a great portion, if 
not all. of the Greek Dorie details were derived from 
an original prehistoric wooden form of construction, 


more suited to a miniature object than to a column on 
a great seale, as this is. The Greek Doric column im- 
it is a creation The lines 
orm yt atin ive it verticality of expression 
and what may bo There is a quasi-museu- 
lar expression about it, quite distinct from the cushi- 
ony, flabby look of a big round column with no surface 
treatment, as frequently used by the The 
swnall cut just below the necking gives the first hint to 
the eye of stopping the upward lines of the flutings ; 
the series of striations round the necking completes 
this stop; the echinus moulding (as it is called) below 
the abacus carries the eye out to the angle of the 
abacus ; this moulding, in the best Greek work, is a 


the reminiscences of which were laid hold of and | very fine hyperbola curve, admirably adapted to give 
worked into a masonic form by the later Greeks. In| an expression of strength and support to the abacus, at 


| regard to the columns, however, this seems improbable. | the same time affording oceasion for a very delicate 


In the first place, stone coluwns which are obviously | play of a on the delicately modeled surface. The 
the rough, unfinished idea of the Greek column are section the echinus and necking, larger seale, is 


| found in Egypt, belonging to a period long previous— given at A, Fig. 76. 


2, which in the Dorie style consists of a series of | such forms as are shown in Figs. 


42 and 43. Seecondly,|; The only defect in the capital is the want of some 


ight pieces which are the real greg of the) the earlier Greek Doric columns, found at Pestum and | filling up of the projecting angles of the abacus, which 


cornice, and which are channeled wit 


two grooves | Corinth, and which have all the details of the finished in an angle view (see Fig. 49) seems to stand out rather 


down the face, and a half groove at each angle, these! Doric, only with less refined treatment, are thicker awkwardly from the top of the echinus. Otherwise, 


the Dorie column and capital may be said to be the 
most perfect and intellectually finished architectural 
~ feature in existence, made as it was in fine marble 


44 A. 


which allowed of the greatest rfection of line and 


50. 7 finish ; and to appreciate its delicacy of treatment we 
have only to com it the 
capital opposite (Fig. 50), with its commonp! 
= ——— Se round echinus and big projecting necking moulding ; 
‘ and compare the Greek section, 76 A, just referred to, 


IK? 


with the corresponding Roman section, 76 C; and the 
difference between artistic and inartistic work is prom- 
inently brought out. 

In regard to the Greek entablature, however, the 
wooden origin seems little doubtful. We have not all 
the links in the transformation, but we have enough 
to give an idea of its progress, The form of rock- 
eut temple that has been found in Asia Minor, as 
shown in Fig. 40, is obviously a piece of 
imitated in stone; and if the ees portion of the side 
view of that be compared with the triglyph arrange- 
went of the Dorie frieze, it will be seen Sow almost 
inevitable is the conclusion that the triglyphs are 
the reminiseence of the ends of beams which formed a 
portion of the original timber construction. It even 
seems as if the triglyph ornament itself, the grooving, 
had rather a wood-chopping stamp «left on it; that 
it might have been originally such a treatment of the 
ends of beams as is indicated in Fig. 55. The grooving, 
like the fluting of the columns, serves to emphasize 


| 
i 


the vertical function of this part of the masonry ; but 


I confess the triglyph never seems to me to be a feature 


= so intellectually worked out as other portions of 
the order. The feeling for balance of opposing lines, 
shown in the vertical and cross lines of the column, is 
again shown here, however, in the little bracket which 
is placed beneath the architrave fillet. below each 


triglyph—something for the vertical iines of the 
trigiyph to repose upon, lest they should seem too 
heavy for the fillet itself. The mutules have, like the 
triglyphs, the appearance of being a reminiscence of 
wooden construction. Vitruvius of = 
tively as representing the ends of the principal rafters, 
just as, he says, ** in the Ionic order the dentils imitate 
the projection of the common rafters.” (The dentils 
are the smaller square-shaped projections, an example 
of which isseen in the Greek Corinthian cornice shown 
in Fig. 33.) ** Hence,” he goes on to say, “the Greeks 
never placed dentils below the mutules, because the 
feet offeommon rafters cannot be below those of princi- 
pal rafters ;” the “‘common rafters” being the upper 
ones which are supported by the princi 


rafters. This shows how Vitruvius saw the wooden 


origin of the classic entablature, but this is no proof 
that the Greeks saw it in the same light ; at all events 


the builders of the Doric temples of the great period 
had forgotten or ignored this “‘ rafter” origin of the 
mutule, for, as will be seen on Fig. 48, the slope of the 
under side of the mutule is different from the slope of 
the roof line, which would necessarily be that of the 
rafters. Its origin was probably a wooden one origin- 
ally, but the Periclean Greeks had apparently come 
to regard the mutule simply as a way of breaking up 
the horizontal line of the main projection of the cornice 
and its shadow line also. The reason suggested by 
Mr. Garbett for making.the under side of the cornice 
and mutules on a raking line is that, the cornice — 
viewed from below, its lines would have appea 
much too flat and spread out too much, especially at 
the angles, if kept horizontal, as shown on Fig. 49A, 
which represents the angle of the cornice as it would 
pear if the under side of it were horizontal ; it would 
—_ lose some of its decisive shadow effect. It appears 
therefore, all things considered, that our Doric cornice 
is composed upon the main lines of an ancient wooden 
construction, but so far translated into stone forms 
that its origin has been nearly lost sight of by the 
designers ; but forall that it never attained quite the 


Pieces being hence called triglyphs, or “ three-grooved | 


between them a series of much thinner 
bs which fill the spaces between them,called metopes. 
of triglyph pieces go through the whole thickness 
the wall and are set with their narrower edge to 
face. They are in fact short, thick columns which 
pert the cornice blocks above, just as the genuine 
amns carry the architrave. The metope slabs sup- 
port nothing. but are merely a filling in, having their 
d surfaces outward and their edges fitting against 
sides of the triglyph pieces. 
metope slabs were generally, though not invari- 
ox’ used as surfaces for seulpture or carved decora- 
as indicated on Fig. 34. Above this portion 
-_— cornice, which marks and gives expression 
e overhanging eaves of the roof. and forms, so to 
K, the eyebrows of the building. The under side of 
broken es portion of the cornice is sloped, and is 
in & series of flat slab-like forms (sketched 
of er bective in Fig. 49) called mutules, the surfaces 
fat. are again broken up by a series of small cireu- 
“ended Knobs, called the gutte. All these main 
Seer n are duplicated as we rise from the lower to the 
ps all ema of the design. For each colamn there 
Ohe Over YPhs, one centrally over the column and 


interspace (except in regard to the angle! 


| same perfection of intellectual expression as the column 
_ capital, which were from the first masonic forms ; 
i and it may be a question whether the Dorie cornice 
apd more massive in proporticn than the finished and frieze could not be improved upon, although long 
Dorie ; whereas if the original form had been a wooden | association has made all the parts appear, to us, almost 
one, the probability is that the earlier stone colamns, essential the one to the other. 
closer in time to the wooden original, would have| In one respect, however, the Greeks retained a pure- 
been the thinner in proportion, and the thicker ma- | ly logical method in this portion of the work, viz., in 
sonie proportions would have been gradually adopted | the treatment of the triglyph at the angles of the build- - 
later on. jing, already referred to in passing. Over all the 
There have indeed been found on vases of an early} columns except the angle ones the triglyph is placed 
riod such representations of columns as those shown | centrally ; but to have placed it so over the angle 
in Pig. 41, which have been taken to give a color to|colamns would have involved taking the triglyph 
the theory of a wooden origin. But it is much more pro- | away from the angle. This would have involved either 
bable that these were only a conventional decorative! a false or an actually weak construction, as the tri- 
treatment of the column form, arbitrarily adopted by | glyph is the solid supporting portion of the frieze, and 
the vase painter. The architectural lesson to be at the angle this solidity is requisite especially. Ac- 
learned from the Doric column as it stands lies in its | cordingly, at the angle the triglyph, as shown in Fig. 
severely abstract treatment as a feature for support-| 48, is not over the center of the column, but in order 
ing weight in an expressive manner. If we compare it ‘to preserve the regularity of spacing here, and to keep 
with one or two of the typical Egyptian forms, shown | the metopes, which are generally used for a series of 
in Figs. 44 and 45, we shall see that the latter exhibit a| square bass reliefs, all of the same size and shape, in- 
certain degree of imitative character: 44 preserves the | stead of having an oblong space near the triglyph, the 
idea of a bundle of stems and buds bound together; angie column and the one next it are placed closer 
45, besides being clumsy in proportion, retains a very | than the others ;* or in other words, the “ intercolum- 
decisive flower form in its ital, and the turn in of | niation” (the space between the columns) is narrower 
with abstract architectural feeling and with the expres-| nis will be seen in reference to the of a Greek temple, 2, 
sion of monumental solidity. It is a feature much im Lecture L. = = 
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next the angles. This narrower spacing of the columns 
at this point does not offend the eye, on the contrary it 
rather improves the architectural stability of the 
whole structure by giving it an appearance of greater 
solidity at the angles, whereas the interference with 
the regularity of spacing in the frieze and cornice 
would have been very unpleasantly apparent. The 
Romans quite overlooked this, and keeping the 
columns equally spaced, placed the last triglyph over 
the center of the last column (Fig. 50), thus not only 
weakening the angle of the frieze, but taking away 
from the triglyph all its meaning as a supporting pier, 
und making it a mere surface ornament of no meaning, 
thus neglecting a real piece of architectural logic for 
the sake of an inferior and false logic. In the Greek 
building the triglyph was so entirely the constructive 
| spe of the frieze that the metope slab might have 
»een quite loose, or been capable of turning round and 
opening on a pivot, as is shown in Fig. 59, without 
affecting the stability of the cornice above it in the 
least ; and Mr. Tadema, whose paintings show such a 
complete insight into the spirit of Greek as well as of 
Roman architecture and design, has actually shown it 
so in one of his paintings. 

In designing the details of their style the Greeks, as 
is evident both from a study of the remains of their 
works and from what we learn from Vitruvius, pro- 
portioned every detail with a definite relation to the 
scale of the whole, the diameter of the column being 
apparently the principal modudus for determining the 
seale of the other details. Vitruvius gives a multipli- 
eity of rules for thus proportioning the details, which 
though they may not, and in some special cases ob- 
viously do not, represent accurately the Greek method 
of working, are nevertheless in all probability a correct 
representation of the general principle on which Greek 
buildings, as well as the Roman ones in imitation of 
them, were set out. The height of the column bore a 
certain relation to its diameter; the height of the 
whole entablature a similar kind of relation to the 
height of the column ; in the Parthenon, the greatest 
and most complete example of Dorie architecture, the 
width of the abacus of the end columns is », of the 
width of the upper step on which the columns rest ; 
and so on through every detail. This accurate pro- 
portioning on a fixed principle is one of the most 
rewarkable characteristics of classic architecture. 
Thus the whole column and entablature in each style 
becomes a highly artificial organized structure, in 
which every portion is designed with reference to the 
rest; and it is this mutual relation and correspond- 
ence of the parts which has led to the combined 
design of column and entablature being regarded and 
spoken of as an “order,” 7. ¢., as something designed 
according to a fixed and recognized order (ordo) or rela- 
tion of parts.* Itis this severe logical relation between 
the several parts whichJrenders Greek architecture 
(and in a much lesser degree Roman architecture) such 
an admirable study for the training of the eye in 
architectural design, even where there may be no 
purpose of actually using or applying its forms in 
modern buildings. 

But the refinements of the Greek Doric style did not 
stop here. Certain passages in Vitruvius give a hint 
about a system of correcting the lines of the building 
for optical illusions, the true meaning of which, however, 
was not understood until Mr. Penrose undertook his 
remarkable investigation of the remains of the Parthe- 
non, and discovered and laid down accurately the lines 
of curvature employed in what were theoretically the 
straight lines of the building. It had long been known 
that the bounding lines of the columns are curved ; the 
curve is sufficient to be seen when looked for, being a 
departure of about half an inch from the straight line 
in a height of about twenty-nine feet. Some of the old 
Doric examples, such as that at Corinth, have this 
curve, which is called the entasis of the column, much 
more developed, and apparently intended to produce a 
visible effect in the design ; in the later Doric, however, 
it is refined down into a kind of concealed curve, if we 
may say so, not intended to catch the eye, but intended 
to compensate for a certain tendency which a straight- 
lined column has to appear slightly hollow in line. 
Why there should be this tendency toa hollow appear- 
ance in such an object it is not easy to say ; it certainly 
does occur, and will be felt (rather than perceived) by 
all accurate observers. What is still more remarkable 
is that this long flat curve, which has its apex about 
one-third up the shaft of the column, Mr. Penrose dis- 
covered to bea very flat hyperbola curve, the line falling 
in with this curve too precisely to leave, in his mind, 
any doubt of the intention. This fact, which is quite 
in keeping with what we know otherwise of the essen- 
tially mathematical turn of the Greek mind, may serve 
to give some idea of what a delicate and complicated 
affair architectural design was with the Greeks, and 
how different a kind of problem from that of architec- 
tural design as it is understood nowadays. Vitruvius 
refers also to the necessity of making the line of the 
basement or podium curved ; “if it be set out level,” 
he says, ‘it will have the appearance of being sunk in 
the center ;” and in accordance with this it is found 
that the lines of the steps in the Parthenon have an 
upward curve of about four inches in the end steps (the 


top one of which is 100 feet long) and about the same | 


in the side ones. The end cornice is also curved up- 
ward to about the same extent; the reason of this is 
very obvious, for the contrast with the raking lines of 
the pediment cornice leaving this straight line would 
inevitably be to make the straight line appear to sink ; 
all lines of opposing directions or curvature tend to 
exaggerate their opposing directions by contrast,+ and 
the critical intellect of the Greek, satisfied with nothing 
short of perfection, fought against this distorting effect 
of vision at every turn. The angle column, which was 
liable to be seen against the light at an angle view, 
instead of against a shadowed background, was made 
slightly thicker than the others, in order to allow for 
the fact, with which all painters are familiar, that an 


* In delivering this lecture I referred to ‘* the orders * without explana- 
tion; I have since discovered that some of my audience did not under- 
stand what was meant by an “ order.” 


* This may be proved =e easily to the eye as follows : Draw two per- 
fectly straight and parallel lines in ink on white paper, say an inch apart 
and eight inches long, and draw two segments of circles one on either 
side of the parallel lines, so that each curve turns its convex to and 
nearly touches one of the straight lines : these two lines will then appear 
to converge slightly toward the top and bottom. Draw a similar diagram 
reversing the segments of circles, so that the concave of each of them is 
toward rhe parailel lines, and the latter will then a to be rather wider 
other part. 


from each toward each end, or hollow in the 


object dark against light is seen rather smaller than 
the same object light against dark ; the light space 
always appearing to encroach somewhat on the dark 
one. This does not bring us to the end of the Greek 
refinements, for in addition to these curves for optical 
correction, the whole body of columns were set leaning 
slightly inward, and the face line of the entablature 
also, by a very slight deviation from the perpendicular. 
One possible reason for this slightly pyramidal arrange- 
ment of the building may be illustrated by Fig. 58, 
which represents the section of the colonnade. As the 
column diminishes upward (the diminution being pur- 
posely exaggerated in the figure), it will be seen that 
the space between the colonnade and the wall would 
appear wider at the top (H) than at the bottom (K), 
which, to a spectator standing within the colonnade, 
would make it appear as if the columns leaned away 
from the building. This bad effect may be actually 
seen in many modern colonnaded buildings in imita- 
tion of the Greek style. It seems probable, however, 
that there was the intention, in addition to this, to 
give the building externally a slightly pyramidal line 
to counteract an optical illusion by which a = 
of perfectly vertical lines appears to lean outwa 


no such distorted effect would be in the least Visible to 
the eye; it is shown visibly here to render the 
apparent, but is in reality only ascertainable by mea, 
surement, the object being not to distort the building 
to the eye, but to conceal a certain apparent distortion 
which the eye itself might a en 

The main consideration has here been given to th. 
Dorie style, because of all the styles of classical archi. 
tecture it is the most refined, complete, and } 
The two other styles of Greek architecture were th, 
Ionic and the Corinthian. Each of these also cop 
in its main features, of a column and entablature op 
the same principle as the Doric, but with different pro- 
portions and details. There is not space here to 
through these styles in the same detail as the 
but some facts in regard to them may serve to further 
illustrate our subject. It should be remarked 
and it is an important point as illustrating the manne, 
in which architecture was practiced by the Greeks, 
that these two styles are not progressive developments 
from the Doric, as in the various styles of Gothie arehj. 
tecture. In the latter, as weshall see when we come ty 
consider them, the different styles succeeded each other 
almost insensibly by a process of natural development, 


OORIC 


IONIC. 


OM POS! 


CORINTHIAN. 
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slightly ; for the line of the entablature is also set 
slightly back in the same manner. It is worth note 
that Vitruvius advises the precisely opposite treatment 
of the entablature, viz.. to let its lines slope slightly 
outward toward the top, for the reason that as the 
entablature is seen foreshortened by a spectator look- 
ing up to it, some of its apparent height, and therefore 
of its correct apparent proportion with the height of 
the columns, would be lost by the spectator standing 
on the ground level. This is a strictly logical reason 
from the point of view here assumed by Vitruvius ; but 
as it is clear that the practice of the Greeks, at all 
events in their — and most perfect building, was 
opposed to it, this is one of other reasons for suppos- 
ing that Vitruvius, valuable as his hints are for the 
understanding of the Greek system of architecture, 
was not entirely master of their practice. 

The diagram, Fig. 57, gives, as a kind of memoran- 
dum, a greatly exaggerated representation of the ar- 
rangement of the curves of the steps and cornice of a 
Greek building, and the leaning inward of the angle 
columns,* showing also that the capitals were set so as 
to be parallel with the line of the architrave, not at 
right angles with the line of the column. Of course 


* The leaning inward of the entablature is not shown in the diagram. 


arising in great measure from a struggle with co® 
structional and geometric difficulties. Rut the three 
Greek styles, as may be seen especially in comparing 
the most prominent feature of each, the capital, have 
no such relation of development. The Doric capital 
(Fig. 48) contains not a suggestion from which to 
velop the Ionic (Fig. 51), which was used simultate 
ously with it in adjacent buildings; nor does the Loni 
bear any family resemblance to the Corinthian 
53), which was slightly later in its use. The three 
appear to have been deliberately selected from different 
sources, and separately elaborated and refined. This 
fact is a very remarkable testimony (often overloo 

to the intellectual independence of perception of 
Greeks ; for there is no other instance known to U8 
the history of architecture prior to the Renaissale 
(when the whole process of architecture was alt 

of such a deliberate and nearly simultaneous selectio® 
of architectural types at the mere will and taste of #8 
selecters. In Gothic architecture, the ‘* Early Eng 
capital was an insensible and apparently almost ineve 
table development from the Romanesque capital, and 
the “Decorated” capital in like manner from the 
Early English ; the process is so gradual and app® 
ently unpremeditated that the line of demarkatie® 
between the one and the other style cannot be precise 
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sated. The Greeks alone seem to have had that 
clear critical power which raised them above the influ- 
ence of mere cireumstances, and enabled them deliber- 
ately to choose the good and reject the bad, and to 
“fashion their architecture according to their reason 
not in obedience to a blind process of develo 
ment ; and there can be no doubt that this is the high- 
intellectual standpoint of the architectural de- 
r, although during the fervor of the Gothic revi- 
val in this century it was the fashion to think other- 
_ The Ionic style, as its name indeed — 
bably had its origin in Asia Minor, where rock-cut 
to-lonic columns have been found, just as rock-cut 
o-Dorie columns are found in Egypt. The most 
noteworthy _ in regard to the Ionic capital is that 
in the seearly forms which were its origin it is usually 
jf not always found on ranges of columns which are 
bounded at each end by projecting pilasters or masses 
of wall, so that the capital was only really seen in 
front face (as drawn in . 51), and was not seen as an 
angie capital. A glance at it will indicate how com- 
pletely it expresses and suits this position ; it is a capi- 
tal for a front view only, the side view of the capital 
showing only a big pillow-like roll. The Attic Greeks, 
with rather less than their usual critical perce tion, did, 
however, use this order, from time to time, in such a 
ition that it beeame an angle column, and they then 
met the difficulty by giving the angle capital a double 
face, and setting the angle volute turned outward from 
each face and at an angle of 45° with the main lines of 
the building, thus making the angle volute do double 
duty, for each face of the capital.* This was not a 
very happy expedient, and it may be taken as an ex- 
ample of the danger, even in the best hands, of remov- 
ing a feature from the position it was originally de- 
ed for, and usingit in one for which it is not suited. 
In the Ionic or Corinthian styles the triglyphs had no 
existence, and the frieze became a continuous band, 
often used, especially in the Corinthian style, as the 
field either for a continuous decorative design or for a 
series of figures in bass relief telling some story of gods 
or heroes. 

In this point alone these styles seem to have taken a 
hint from the Doric, in which, as we have observed, 
thesculptured portion of the frieze, the metope slab, was 
the portion not doing any constructive work, and there- 
fore fitted especially to used as a apane for decora- 
tive treatment. Where the triglyph blocks are no 
longer used, the whole wall of the frieze of course be- 
comes a portion of the construction, there being noth- 
ing else to carry the cornice ; but the Greek metope in- 
terspace having been formerly selected as an appropri- 
ate field for sculpture (long before the Periclean age), 
the frieze seems thence to have succeeded to that office 
(not quite so logically), even after it had ceased to be an 
alternation of supports and spaces, and had become a 
solid wall, to outward appearance at least ; for in real- 
ity the blocks actually sculptured were usually com- 
paratively thin facing blocks ; still they form architec- 
turally the main wall surface. But this surface decora- 
tion was applied only to the frieze. The Greeks never 
weakened the great tructive feature, the architrave, 
by carving it; unless by the addition of a narrow band 

—— such a way as to emphasize its horizon- 
tal lines. e may observe in Fig. 53 the entablature 
of the Choragic monument, the first step toward modi- 
fying the treatment of the architrave, and notice what 
astrictly constructive treatment it is. Instead of the 
architrave having one unbroken face, as in the Doric 
style or in the Ionic example given in Fig. 51, it is di- 
vided into three faces very slightly projecting one be- 
yond the other, so.as to break up the architrave into 
three horizontal faces, each projection giving, in a 
bright climate, a thin, dark line of shadow under it. 
There can be no doubt that the main object of this was 
togive asomewhat lighter appearance to the architrave, 
to harmonize with the slighter proportions of the col- 
umns used in the Doric and Corinthian orders, while 
still retaining its constructive depth in one block. The 
proportions of the coluinns of the three orders are seen 
gel | in Figs. 54, 59, 60 ; and it will be observ- 
ed that the bare heavy block of the Doric cornice + 
would appear very heavy over the lighter column of 
the Corinthian order. But this treatment of the archi- 
trave, it will be seen, is still a severe and logical treat- 
ment. The horizontal lines emphasize its horizontality, 
~~ as the fluting lines emphasize the verticality of the 
column. 

In Fig. 52, an Ionic architrave, a line of repeating or- 
hament is placed as a kind of miniature cornice to the 
architrave, giving it a richer effect, but still in subor- 
dination to the true expression of the architrave, as a 
solid block supporting the rest of theentablature. An- 
other point in Greek design which may here be illus- 
trated is the distinctive treatment given to the pilaster 
against the wall which takes the end of a cross-lintel 
the opposite end of which rests on acolumn. Such a 
Projection or half column against the wall, and forming 
constructively part of it, is called in classic architecture 
ananta. The feature playing the same part in Gothic 
architecture, as in the ‘vail pier from which the first 
arch of an areade springs, is called a respond. In 
Gothic architecture the respond is usually treated in 
Just the same way as the complete pier; itisa half pier 
against the wall, but this would not have satistied the 
nicer critical sense of the Greeks. The anta was a por- 
tion of the wall projected to answer to the column 
which took the other end of the lintel. It was to have 
capital to give it expression, but it was to be treated 
ina manner perfectly distinct from the column. F, Fig. 

» Sa square anta capital from the Erechtheion, which 
responds to an Ionie capital of the usual form ; it will 

Seen at once how distinctive is the treatment. The 
is also varied, E being the base of the anta, D the 
' of the corresponding column. 

, 4n the case of the bases there is not such a difference 
imtype. The object seems to have been partly to avoid 
any by a variation of the mouldings. In the 
ne style the distinction between the column and 
more decisively marked. At the two 
celle Lhe Parthenon the longitudinal walls of the 
os pect a little way past the cross walls at theend 
. H, on lan, Fig. 27, lecture I.), each facing a 


column of the inner colonnade. And these projections 


* A modern imitati j 
British Seen acta ; this may be seen in the angle columns of the 


t The circies seen on the Doric architrave in No. 54 represent shields 
bung on the architrave, probably as offerings or memorials of eome kind, 


decoration. 


ro! 
ome ae | done ; but these are not portions of the ar- 


are treated simply as pieces of wall with a moulded top of Plate VI. the respectable family of ‘* the Orders” 
capping to them, sufficient to emphasize them as be- (Figs. 61 to65)as practiced by the Roman architects and 
ing en rapport with the column, but in no way imitat- | classified by Vitruvius. Whereas the Greeks had three 
ing it. . | styles or orders, the Romans made up five, the distinct- 

he Corinthian style as best known is in reality rath- | ive names of which are riven above them in the dia- 
er a Roman variation than a pure Greek style; the) gram, Precisely how or why these “ five orders” came 
great Greek example, the remains of the temple of J u- | nto being we cannot now determine ; but they have 
— Olympius, having been built under the Roman/ under their tutelary patron Vitruvius exercised a great 


ominion and ee under Roman architectural in- 
fluence, though perhaps executed by Greek hands. 
The Greeks had gone so far in that direction, however, 
as to have produced the exquisite capital of the Chora- 

ic monument (Fig. 53), the upper portion of which is 


yond all praise as a most beautiful piece of conven- | 


tional ornament. In the lower portion there is per- 
haps rather a want of unity between the richly carved 
portion of the leafage and the plain leaves surrounding it 
at the base, and which seem hardly powerful enough, so 
to speak, for the rest. 
original suggestion of the Corinthian capital was from 


There can be little doubt that the 


| influence on subsequent architecture, and have been 
| during no inconsiderable period of architectural history 
regarded as the —_ and Omega of architectural de- 
|sign. But it would appear as if Vitruvius had reall 

played somewhat the same part in regard to Gree 

architecture which Rickman, in a lesser way, played at 
'the commencement of the Gothic revival in regard to 
Gothic architecture. Rickwan classified Gothie archi- 
tecture into styles or riods. Vitruvius classified 
Greek architecture, or what he supposed to be such, 
into orders. The Tuscan order, which was very plain 
|and massive and entirely unornamental, was probably 


the Egyptian capital, though Fergusson has given rea- | of Italian origin. The ric of Vitruvius, as we have 
sons for thinking that suggestions from Asia Minor were already suggested, was only a kind of travesty of the 
contributory to it also. If we compare it, however, | genuine Doric. The Ionie wore resembled the Greek 
with the Egyptian form shown in Fig. 46, we shall see form, except in the liberties the Romans took with the 
that there is the same idea at the root of both—a hase capital. The composite was a deliberate invention of 
ofgeuccessive leaves, with longer forms rising from be-|the Romans, formed by combining the volute of the 
hind them. Ionic capital (in its angular position) with the foliage 
The Egyptian form here given is a circular capital, of the Corinthian. The result can hardly be called 
that of the Greek has a square abacus. And the flat happy ; it is only a Corinthian capital with an abnor- 
foliage forms of the Egyptian, produced rather by in- | mally overgrown volute. 
cising than carving, are a natural method of treatment The Roman Corinthian order was the best achieve- 
for granite, in which such more luxuriant forms as those | ment in-this respect of the Roman architects; t 
of the Greek capital could not have been well executed. | capital is we | finely designed, or it has retained more 
But if we were to take the Greek capital of tho Temple of pure Greek taste than any other of their capitals; 
of the Winds,* which is also a circular capital with com- | the frieze and entablature, with their frequently highly 
ratively flat leaves, only of a different type, its affin- | elaborated and sumptuous decoration, produce a tout 
ity with the Egyptian capital would be at once appar- | ensemble which, though it is not of the most refined 
ent ; aud the step from this to the Corinthian eo kind, has a power and richness of decorative effect 
is not a very long one, except in regard to the scrolls or | which cannot be denied. The mischief to architecture 
volutes at the angles. This was an essentially Greek fea-| which has been worked by these orders is partly due 
ture, to support the angle of the abacus, and of its to untoward circumstances. At the revival of classical 
previous history we know little, but it has played a/ learning in the Renaissance period, the work of Vitru- 
great part in architecture ever since its creation, as we | vius* was the one available literary guide, in the re- 
shall see in a future lecture. vived Latin literature, to the treatment of classie forins 
In speaking of Greek architecture, we are under the | of architecture. His rules for the treatment of the orders 
necessity of passing over the question of its roofing me a kind of architectural bible, the final author- 
rather dubiously, for of the timber portions of the roofs | ity from which there was no appeal. His rules thus 
which undoubtedly once existed there are no remains, became impressed on the modern architectural mind as 
and we are left pretty nearly to conjecture. But as far |of the first importance, and the result of this exag- 
as the effect of the roofing on the architectural de- , gerated worship of the orders has no doubt been very 
sign is concerned, there can be no manner of doubt prejudicial in some respects to modern architecture of 
that the roofs were strictly on the beam principle, and | the classical school, tending to render it a study of con- 
that all the architectural development of the substruc- | ventional scholastic rules instead of a free art. But in 
ture is therefore perfectly in keeping with its office, as | admitting this, it must be added that it is a great 
being designed to resist vertical pressure only, not out- | mistake to regard Vitruvius as a person to be spoken 
ward thrust. Fergusson has left on record a carefully | of slightingly or contemptuously. His book contains, 
worked out theory as to the manner of lighting and | besides his no doubt conventional rules for architec- 
roofing a Greek temple, which has great appearance of tural designing (which were probably such as were 
probability, but it is probability only, though its ac-| generally accepted by the Romans in his day), evidence 
complished author was prepared to consider it as cer-| of very wide and complete practical knowledge ; his 


tainty. We may fully accept, however, the negative 
certainty that, however the Greek temples were treat- 
ed, they were not, as once universally taught, unroofed 
and open to the air. An architecture with no interior 
is no architecture at all. 

It will be observed that in Figs. 59 and 60 (which for 
convenience sake are reduced from some old but tolera- 
bly correct engravings) the entablature portion is 
shown with a boundary line on each side, a mere slice 
of entablature over the column and central with it, in- 
stead of being shown as a continuous construction, as 
in Fig. 54, which was made for the present purpose. 
This method of showing the entablature is very char- 
acteristic of the manner in which the order came to be 
regarded by the Romans, and by the Renaissance archi- 
tects who worked on Roman lines. The Romans, copy- 
ing the Greek order, but beginning to employ the arch 
freely in their buildings, could not discern that the 
arch, which was one mode of covering over the space 
between the points of support, stood naturally and 
properly in the place of the architrave, as the portion 
supporting the superstructure. To their ideas, regulat- 
ed by those conventional rules which Vitruvius has 
summarized, it evidently seemed that a column was in- 
complete without an entablature. And accordingly, 
instead of springing the arch from the column, they in- 
serted a square slice of the * r entablature over the 
column, and sprung the arch from that, as in Fig. 68. 
This treatment, which has been largely imitated in 
modern architecture since the Renaissance, is perha 
the most absurd and illogical blunder ever made in 
architecture ; but blunders die hard when they have 
once become fashionable, and this one is still going on. 
Another Roman falsity in architecture was that, when 
they did use an arched form with only a capital or 
‘*impost ” moulding,+ they planted a columnar order in 
front of it, as in Fig. 67, with an architrave which 


makes believe to be carried by the column, but is really | 


carried by the arch. The same thing is shown on an 
extended scale in the portion of the Colosseum design 
given in Fig. 69. 

The Colosseum is in reality a completely arched con- 


struction, but as it was a show building it had to be | 


made ‘“‘architectural” by planting a series of ‘* orders ” 
on theoutside of it. A remarkableand very instructive 
fact is that when the Romans built purely utilitarian 
works on the same arched construction, in which it 
was not thought worth while to put ornamental pilasters 
and entablatures on, they really produced grand and 
impressive as well as perfectly truthful structures, as 
in their aqueducts, a sketch of a portion of one of which 
(that of via) is shown in Fig. 70. Here it will be 
seen isa perfectly genuine and honest piece of building, 
pretending to be nothing but what it is, and really im- 
ressive from its scale and massive construction, though 
in the minds of its builders it was a purely engineering 
work. We find an equally instructive parallel to this 
in the present day, where an engineering work such as 
London bridge, which is simply grand and massive, 
without pretense at arehitectural treatment, is a really 
impressive and (as the late Mr. Street called it) ‘‘ a sub- 
lime pti, il while Blackfriars bridge, on which the 
engineers have Tr a quantity of vulgar and mean- 
_—— architectu (2) detail, is merely a ridiculous 
sham. 
Returning to the classic order, which we have 
quitted.fora moment, I have ranged in a row at the 


* A drawing of this was shown at the lecture. 
+ “ Impost” is the point from which an arch springs. 


|idea of the dignity and of the morale of his profession 
isthe very highest ; he must have been an essentially 
noble minded and upright man, from the internal evi- 
, dence of his writings ; and he succeeded in ve 
a treatise on a professional and technical subject whic 
has lived for nearly two thousand years, has been 
translated into the language of every civilized country. 
‘and which even at the present moment no architecta 
'library can afford to be without. It isnot given to 
many men to accomplish that ; and the young modern 
architect who sneers at Vitruvius is rather showing his 
own ignorance than discrediting the name of a wan 
who, whatever his mistakes (which were partly at 
least those of his age rather than of himself individu- 
ally), was an honor to his profession. 
have added to Plate VL. of the diagrams a few typi- 

cal examples of Greek and Roman ornament (Figs. 71 to 
75). The fuller consideration of this portion of the 
subject will be gone intoin the fourth of these lectures ; 
| but one or two of the examples here given may point a 
|lesson in regard to the distinction between abstract 
and merely imitative ornament. Fig. 74, for instance, 
is an example of Roman ornament in which there is a 
pretense of binding together the several rolls of the 
moulding by a fillet wound spirally round them. No 
Greek artist would have done anything so common- 
place and prosaic as that. In the Greek “ egg-and- 
tongue ” ornament; again (Fig. 72), it will be seen that 
the forms are totally abstract ; they imitate nothing ; 
they are merely the effective alternation of a round 
and a pointed form. The Roman, in his version of it 
(Fig. 75), changes the pointed form into a direct imita- 
tion of an arrow head; thus destroying its abstract 
character. The carved ornament from the Erechtheion 
(Fig. 71) is one of the most perfect specimens in exist- 
ence of an ornament based upon nature and upon the 
principle of growth from a central point, but conven- 
tionalized into the most graceful architectural lines ; a 
| hint from nature, transmuted by the hand of the artist 
into architectural form. 

In conclusion, the general jesson which we learn from 
the study of the Greek treatment of trabeated con- 
struction is that architeeture in its intellectual form is 
nota matter of mere picturesquely sketched effects, 
but an art in which no study and refinement should be 
spared in order to produce the most logical expression 
of the construction of the building and the most care- 
fully designed and thought out treatment of every por- 
tion, both in itself and in relation to the whole. 
It is im ible to come away from any prolonged 
study of Greek work without a feeling that all 
|other architecture, however poetic and picturesque 
lin general effect, is, by comparison, unfinished and 
{unsatisfactory in its working out; a feeling which 
has been well exp by Clough in some lines 
from his ‘‘ Dipsychus,” with which I will conclude, not 
as expressing the whole architectural truth, but as a 
very good expression of one side of it, that which we 
have been considering this evening : 


“Tis not, these centuries four, for nought 
Our European world of thought 
Hath wade familiar to its home 
The classic mind of Greece and Rome; 
In all new work that would look forth 
To more than antiquarian worth, 


* Vitruvius was a Roman architect who apparently, from his own ac- 
count, had little actual practice, but was well acquainted with his 
as who completed his book y somewhere about 25 
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Palladio’s potimente and bases,* | days, and who was beside him on the eventful after-| feet high and swiftly over stray lines of wire 
Or something such, will find their places ; noon, unchronieled in passing histories, when expecta-|the floor, fearful of shocks. Their skeptical 


Maturer optics don’t delight 

In childish ‘ dim, religious light,’ 

In evanescent, vague effects 

That shirk, not face, one’s intellects ; 
They love not fancies just betrayed, 
And artful tricks of light and shade, 
But pure form nakedly displayed, 
And all things absolutely made.” 


MANET’S INDUCTION TOP. 


Tue induced currents developed in masses of metal 
fn motion in magnetic fields are splendidly shown by 
the classic experiment with Foucault's disk. But this 
latter is somewhat costly and complicated, and so we 
think it of interest to make known to our readers an 
incomparably simpler apparatus, and which we figure 
herewith. This device well shows the existence of the 
induction currents that manifest themselves through 
mechanical repulsion, and that, although paradoxical 
at first sight, are quite easily explained. 

This little device, which is constructed by Mr. G. C. 
Manet, manufacturer of electric apparatus, consists of 
a sheet iron disk mounted upon an axis and set in 
rapid rotation by means of a cord, like the ordinary 
humming top. At rest, the disk is attracted - | a 
horse shoe magnet that is presented at any point of its 
surface ; but if, when it is revolving ~ ery! either of 
the poles, or both of them, be presented to its surface, 
a repulsion will at once ensue, and the top will take 
an inclined position and keep it as long as its velocity 
is sufficient. When the velocity is less than a certain 
degree, dependent upon the thickness of the disk, upon 
the magnet, upon its distance, its position, ete , the re- 
pulsion ceases, and the disk is attracted and fixes itself 
against the magnet, thus resuming the magnetic pro- 
perties of soft iron. The explanation of this phe- 
nomenon is very simple. When the magnet is brought 
near to the disk in motion, the latter, revolving at great 
speed in the magnetic field produced by the magnet, be- 
comes the seat of induced currents which are so much 
the intenszer in proportion as the velocity of rotation is 
greater. A mechanical action is then exerted between 
the disk (the seat of the currents induced by rotation) 


tion bloomed finally into rapturous reality, and huzzas 
chronicled the conversion of popular opinion, 

A glimpse of it came out a night or two ago, when, in 
easy chairs up in the Gilsey House, half a dozen friends 
—men of consequence in this town—discussed the past 
and the present. After much of the rest of the earth 
had been traversed, somebody whacked at Jay Gould, 
whence the journey was natural and easy to tele- 
graphie topics, what Jay has done and what Congress 


do. 

ow pricked up the interest of a gray-haired member 
of the party, till then inclined to be generously silent 
while others did the talking. The incomparable 
enterprise of the New York 7imes in havin lately 
brought Swinburne’s 18,000-word tragedy of * rine” 
in one cable dispatch all the way under the sea was 
quickly the subject of animated comment, argument 
being general that not only was the occurrence the 
most remarkabie of all journalistic attentions to 
American literary tastes, but beyond measure unap- 
proachable as evidence of the wide-awake spirit of the 
American newspaper. 

**What wonders have been worked since Morse’s 
day !” quoth three or four of the company at once. 

Then the gray-haired man, John . Kirk, noted in 
telegraph circles these many, many years, broke his 
silence. 

“I knew Morse,” he said, ‘‘knew him intimately, 
and was with him during the days that were most try- 
ing to him. I saw him stretch his first working tele- 
graph line, helped him encounter the rebuffs that made 
up much of his experience just before he was finally 
and completely successful, and on the day that that final 
and com plete success came I was in his company still.” 

Back in the winter of 1843-44, Mr. Kirk was taken 
from Ohio to Washington to look after bids that he 
and business associates had made to carry the mails 
over stage routes to the West—as the towns of Pitts- 
burg, Wheeling, and Cleveland were then described. 
His business was not the task of a single day, it had 
months of waiting in it, and Mr. Kirk settled down in 
the congressional presence for the season. The post 
office department saw a good deal of him before the 
winter was over. When you expect a big contract, you 


MANET’S INDUCTION TOP. 


and the magnet, the origin of the magnetic field. The 
disk cannot be in equilibrium at every moment unless 
the magnetic attraction is precisely equal to the repul- 
sion produced by the currents induced in the disk. 

As such repulsion is preponderant as long as the disk 
has a sufficient velocity, nothing is more natural than 
the fact (apparently paradoxical) of a disk of soft iron 
being repelled by a magnet. 

When the velocity becomes insufficient, the attraction 
becomes preponderant again, and the disk is attracted 
anew. If the magnet is presented to it, not at one of 
the surfaces, but at the edge, and in the very plane of 
the disk, the repulsive action will not occur, but an 
attraction will be observed, as if -1e disk were at rest. 
This experiment confirms the wreceding explanation, 
for, in this case, the induction currents cannot form, as 
the disk is moving in the very plane of the lines of force 
of the field produced by the magnet. 

It may be asserted, a@ priori, that the repulsion 
would be still stronger if a disk of copper were substi- 
tuted for the iron one, but the experiment would then 
be less curious, for the apparent paradox would cease 
to exist. However this may be, Mr. Manet’s induction 
top isa simple and elegant demonstrating apparatus 
that will find a place in all collections for elementary 
instruction.—Lu Nature. 


(N. ¥. 
MORSE AND HIS FIRST TELEGRAPH LINE. 


PATHETIC pictures have been given by writers galore 
of the saddening experiences that were Prof. Morse’s in 
the early days of his telegraph’s inception—scientists 
grimacing and politicians sneering, earnest endeavor 
rebuffed, proffered evidence scouted, hope kept ever 
forlorn and haiting. And the tale is twice told even to 
schoolboy ears now of how, through these crowding 
trials and trooping disappointments, genius finally 
eame to its reward and gave to the brave old man the 
glory of a hero to whom all human kind are debtors. 

But has the story ever been told of the day when for 
the first time his visions were materialized in public 
sight, of the day when for promises he offered proofs, 
when the people, forgetting all their derision, hurrahed 
for him in the streets because of the wonder of his ac- 
complishment ? 

Certainly it has not been told, in print at least, by 
the one man now living who best may tell it—a man 
who was officially close to the hopeful inventor in dark 


Ifthe had said “the 
rpose 


Grecian pediments and bases,” it would have 
heen more to the pu te 


are apt to be gracious ; and if genial, young, with spare 
time op your hand—as Mr. Kirk’s case was forty-four 
years ago—an odd enterprise isn’t likely to shock your 
tastes. Thus came Kirk to know Prof. Morse. 

John A. Bryan, Second Assistant Postmaster-General 
at that time, was one of the cleverest Ohio politicians 
of the day, a man of attainments in many departments 
of learning, but inclined to all the cautiousness of the 
keen political leader, and withal excitable when affairs 
were not to his personal liking. 

‘*See here !” he cried one morning as Mr. Kirk en- 
tered his office. ‘‘See here! There’s an abominable 
scheme to ruin me—ruin me, sir!* The gentleman’s 
language was a little more ornamental than the 7%mes’ 
type permits, as he proceeded to make clear to his 
friendly caller that superior officers had plotted to sa- 
erifice him by putting in his hands the duty of handling 
the $30,000 appropriation which Congress, in its haste 
to adjourn at a previous session, had voted for electric 
experiments by Morse. ‘‘To be identified with such 
foolishness,” declared this officer, was to commit “ poli- 
tical suicide,” for of course the end of the whole busi- 
ness would be that Morse would be recognized as crazy, 
and men consorting with him would be looked upon 
with suspicion, as the assistant postmaster-general 
seemed to think they deserved to be. ‘‘ You must 
help me out of the serape,” he said to Mr. Kirk, ‘I 
want you to undertake the duty of looking after Morse. 
If he om up wires, you see that it’s all right and I'll 
pay the bills—only, you see, I really can’t afford to have 
any closer connecticn with the thing.” 

Morse had possessed himself of a little room in the 
east end of the Capitol and there, abstracted but active, 
the new attache of the post office department found 
him, a thin, spare, careworn, anxious man, in the midst 
of confusing heaps of wire and pots and apparent de- 
bris. The worker paid little heed to his visitor. He 
was on the eve of atest whereby he hoped to satisfy 
official doubters. A congressional committee was on 
its way to see him and examine, in practical operation, 
the machine which he had promised would transmit 
intelligent messages between points miles apart. The 
line, which started toward Baltimore, was built about 
five miles without the Washington limits, and the 
“metallic circuit” was in working order. The com- 
mittee came. The inventor was in high spirits. En- 
thusiasm made him almost a young man again. The 
time was arrived, he felt, for a signal victory. No 
longer would anybody question his claims. Now for 
eae ed not to be gainsaid. The statesmen approached 
tis instrument cautiously, as if suspecting that it might 


suddenly get into an exploding fit, They lifted their 


counte 
nances would have driven the original Doubting The 
mas wild with envy. But finally they ranged them 
selves as closely as they dared ide the animated 
electrician and awaited his experiments. 

“ Now, gentlemen, what shall we send over the wire» 
ejaculated the old man. ‘ Pick out your own m 
and I'll show you how simple this whole thing isn 
how it accomplishes everything that I’ve claimed,” 

The gentlemen were hardly expecting a challenge 
like this, but finally congressional genius asserted 
itself, and one of the party pro that this startling. 
ly original information be flashed along : 

**Mr. Brown, of Indiana, is here.” 

Prof. Morse bent over his instrument and pegged 
away. Tick, tick, tick-tick-tick went the electric tap 

ing, and then a moment later came the same rattlj 

ine of signals upon an adjoining machine—the indep. 
tation Morse register. 

The old man grabbed the slip of pa 
leased from the instrument, scann it eagerly, and 
then, with the air of an emperor whose crown is self. 
won, he thrust the fluttering white scrap forward, 
What to the congressmen appeared a confused colleg. 
tion of unintelligible dots and dashes stretched al 
the paper. It was the telegraphic alphabet, explainel 
the enthusiast. 

“*See!"—and he displayed another sheet on which 
his dot and dash sign manual appeared—‘‘ See! Take 
this for a guide, and you'll find printed there the very 
words you asked transmitted.” 

The delegation did as directed, and sure enough, they 
spelled out so the sensational goings-on of “‘ Mr. Brown, 
of Indiana.” 

Converted? Those congressmen converted? Well, 
hardly. This is the recollection of Mr. Kirk: ‘One of 
them hunched me and winked in a superior and know- 
ing sort of way, while another whispered: ‘ That's 
what I call pretty thin!’ And a third remarked right 
out loud : ‘It won’t do! That doesn’t prove anything? 
Poor Morse’s heart was almost broken. His triumph 
was turned all to bitterness. Every one of his visitor 
went away more skeptical than ever. The public, or 
so sinall a portion as took on interest in the matter, 
generally attributed the results that Morse obtained te 
diabolism, or (when the more intelligent and scientifie 
minds considered it) to mere legerdemain. 

“Everybody,” continued Mr. Kirk, ‘thought it a 
good joke on me, and I had to stand lots of chaffing 
around the Capitol. It wasn’t long before I saw that 
Assistant Postmaster-General Bryan had a pretty level 
head as a politician in not wanting to be mixed up 
with what he called ‘ Morse’s foolishness.’ But I held 
on. The truth is, I had fallen in love with that reso- 
lute old man battling against such odds as prejudice 
kept piling up against him.” 

Morse worked only the harder after his failure to 
convince the wise men from Congress by the test of 
his five mile loop. Day by day more poles were set 
and more wire was stretched, and Annapolis Junction 
—half way to Baltimore—was just about reached when 
the Whig national convention of May, 1844, opened in 
Baltimore. Here, at the suggestion of Mr, Kirk, Morse 
saw opportunities beyond any that had come to him 
before. On the morning that the convention organized 
he was able, by dint of work by night as well as by 
day, to get connection through to Annapolis Junction 
from his litthke Washington machine shop. e 
placed a bright young fellow at the proticenss unction 
end, with instructions to get information of what the 
convention had done just as soon as the afternoon 
Baltimore train arrived at the junction, and telegraph 
it at once to Washington. 

Of course, the capital wasin a ferment; every citizen 
was anxious for the news from Baltimore; but till 
trains should arrive from the scene it was recognized 
that nothing could be known. 

The earnest old fellow spent that eventful afternoon 
all alone, save for the companionship of John Kirk. 
Anxious even to excitement, he had finally succeeded 
in getting a satisfying message from the junction 
that all was right at that end of the line, and ready for 
the transmission of the news as soon as the expected 
train should arrive. It was an experience to leave life 
long impressions, and it isn’t wonderful that Mr. Kirk 
still vividly recalls that strange, remote room in its for- 
lorn trappings of wire and pots and chemicals, set in its 
center with the old man, nervous, eager, veritably 
gasping, for the realization of his life’s chief hope. 

Suddenly there came an animated clicking. fe who 
was most interested bent forward as if intent on fairly 
consuming the strip of paper that crept out from the 
register. There was almost agony in his face as, snai 
like, the paper halted and hesitated, spurted a little, 
stood still, made false starts and then spurted more till 
—the message completed—Morse rose erect,* looked 
proudly about him, and said as grandly as though he 
were distributing kingdoms : 

** Mr. Kirk, the convention has adjourned. The train 
for Washington has just left Annapolis Junction. And 
the ticket "—he hesitated, holding finally proof of his 
victory beyond all disputing—“ the ticket —the ticketis 
relinghuysen !” 

“You are quizzing us,” was the quick retort he heard 
when this was proclaimed outside. 

“Tt’s easy enough for ~ to guess that Clay is at the 
head of the ticket, but Frelinghuysen—who the devil 
is Frelinghuysen ?” 

“I only know,” was the dignified answer, ‘‘ that itis 
telegraphed me so from Annapolis Junction, where DY 
operator had the news five minutes ago from the trail 
that is bound this way bringing the delegates.” 

In those days the twenty miles from Annapolis 
Junction to Washington made up a trip of an hour 
and a quarter for the aeey eyed fast trains, such # 
that which was bringing the Whig delegates to W 
ington. Long before the journey was over, the news 
papers—enterprising even in those days—had extrason 
the streets, and the newsboy was crying lustily the 
chronicle that Morse had caught flashing th 
twenty miles of air. A great crowd of people was at 
the station. The extras, with their cabalistic | 
‘*By Telegraph,” had whetted public curiosity to kee® 
est edge. Out of the jammed train came the delegates 
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were that no railroad train had preceded their own. 

How but by a miracle could the news have gained such 
way? ‘By Telegraph,” so they read in the head 

lines of the journals. 

§, F. B. Morse had won. When next he appeared in 

blic, the people showered him with huzzas. 

He was no eo a dreamer, he was a doer, and there 
were honors for im unstinted. Yet he bore all meekly, 
onee in a while the calm of that strong face giving way 
to a radiance seen there but seldom in the later 


; A stranger, who had been seated close to the little 
company attentive to this reminiscence, arose as Mr. 
Kirk halted, offered his hand, and said: “This is a 
great big treat to me, sir, and I hope you'll pardon my 
jntrasion. My name is Plumb, Col. Ralph Plumb they 
call we out home in Illinois, where they elect me to 
Congress. I just want toadd one word to the story 

ou've told. I know something of it myself. I was a 
Selegate from Ohio to that Clay convention. I was on 
that first train to Washington. I remember the little 
shed at Annapolis Junction, where we stopped on our 
way. I saw the man there who was ticking away ona 
fede brass machine. I saw him and talked with him. 
| wanted to know what strange thing he was doing, 
and he answered that he was telegraphing to Morse in 
Washington about our convention, and he pointed 
toward the wires overhead running in Washington’s 
direction—the first wire ever put up for telegraphing. 
In common with all the rest of the real wise ones of the 
day, | hailed the affair as a huge joke till, when we land- 
ed in the Washington City station, sure enough, Morse 
had had the news an hour or more ahead of us, and the 
whole city was informed of the fact that we had put a 
dark horse on the ticket with our hero, Clay. The 
evidence couldn’t be upset, of course. The most pre- 
judiced of us couldn’t presume to suggest that Morse’s 
work was guessing, for no man alive would have 
imagined that Frelinghuysen could be made the nomi- 
nee for vice-president. Yes, ’'m downright glad to 
have met you, Mr. Kirk. You make me feel young 

in with this tale you’ve told. Now, can’t you come 
down to Washington before this winter is gone? Id 
mightily like to buy you one dinner.” 

When the gentleman from Illinois had said good 
night, leaving behind rather remarkable sensations, so 
strange was the coincidence he had pointed, Mr. Kirk 
told something of on connected with the early 
advances of telegrap ty 

“When went est from Washington, that 
spring,” he said, ** I took along with me samples of the 
indented strips + as they came from the receiv- 
ing instrument. n enthusiast, I talked of telegraphy 
toeverybody Imet. In Columbus, Cincinnati, Indian- 
apolis, and other Western centers, I met college profes- 
sors, business men, and other people ranked high for 
intellect, knowledge, and common sense, and all, or 
nearly all, were pronounced skeptics as to the practic- 
ability of Morse’s idea. And I am putting it a little 
mild, I think, in saying that the impression wasn’t 
long in getting abroad that I was ‘a little off.’ I meant 
well, but I didn’t know. The last I remember of some 
of my friends out there they were still pitying me. 

“] was in Indiana in the autumn after Congress had 
made its $30,000 appropriation to Morse for his experi- 
mental line. The congressman of that district was up 
for re-election. Poor, deluded man, he had unfortu- 
nately voted for that appropriation. He had been for 
years the political pride of the district. The —_ 
out there would give him anything he’d take if they 
had the giving of it. Of course, he didn’t doubt that 
he would be re-elected as if by acclamation, but before 
election day he saw things differently. A youre man 
whom nobody had ever heard much of before, got an 
opposition nomination and went stumping all over the 
district, and before long the fight became very warm. 
‘Thave not one word to say against my opponent,’ so 
the young man always began his speech. ‘ He’s a gen- 
tleman ; his character cannot be impeached ; he is hon- 
est, reasonable, well informed,a good neighbor,and a real 
Rice man. But, gentlemen, while he was in Congress 
he voted your money away upon claptrap things like 
this,’ and the nominee, producing a congressional docu- 
ment, proceeded to read the text of the bill which ap- 
propriated the $30,000 for Morse’s experiments. ‘ Thirty 
thousand dollars,’ he would exclaim. ‘Thirty thou- 
sand of your hard-earned dollars, gentlemen. For 
what ? hy, to settle—listen to the bill, gentlemen— 
to settle the practicability of sending messages by 
electricity over wires stretched long distances. What 
do you think of it, gentlemen? Yes, my opponent is a 
good man ; he means well; but really has his residence 
in Washington helped him any? If he had stayed here 
at home with us, would he ever have voted our money 
away for such a crazy purpose? Still, if you think it 
right to vote for a man who can be fooled in this way, 
gentlemen, all right, but—— 

“The old man was defeated.” 

Here is a transcript of the earnings of that original 
Washington telegraph office for the first week—in April, 
185—that it was open for regular business : 


April 1st, 2d, 3d, and 4th................65 $0 01 


Fines there were no deadhead messages in those 


hat changes, what phenomenal advances, this man 
; lived tosee! Millions of miles of wire have grown 
tom that little loop down from Washington to Anna- 
whereon so much for the heroic invent- 
Into every nook of this land and lands afar, under the 
Ocean crossed and recrossed, there is a network grown, 
how one company alone in the United States has a 
= K ca ital of over $85,000,000, with over 16,000 offices, 
a of which last year over 47,000,000 messages were 
t spinning, to earn a revenue of $17,000,000, this one 
thar aay. having in eleven years paid dividends of more 
teed #48, 000, 000 in cash, while single cables are guaran- 
in y this same company to pay five per cent. on an 
Festinent of $7,000,000. 
‘Ow, while Congress is getting ready to debate pro- 
ons to establish a government telegraph system, 
Ving the expenditure of millions on millions, it is 


instructive to recall the urgent but futile endeavor 
that Morse made to sell out his entire claims and profits 
for $100,000. 


= 


VOLTMETER AND CONTROLLING APPARA- 
TUS OF BRUCKNER, ROSS & CO. 


ONLY the smallest number of the voltmeters hither- 
to in practical use embody to more than the slightest 
extent the features that should be present in such an 
instrument. Almost all such apparatus require the 
use of factors that have to be applied to correct each 
reading ; those containing a magnetic needle or perma- 
nent magnet need calibrating, or are not self-correcting 
for differences of es ; and finally the majority 
contain springs or changeable weights, all sources of 


error, as they may often be used by unskilled workmen, 
to whom most such apparatus is intrusted, when all 
certainty of the accuracy of the readings is lost. Who- 
ever has had the opportunity of comparing a large 
number of voltmeters of different constructors will 
have observed that the difference in the readings of 
those of the best makers frequently exceeds 5 per cent. 
As in an installation of incandescent lamps the poten- 
tial of the lamps should be constant within one per 
cent., itis clear that such instruments are almost useless 
in practice. It should also be taken into considera- 
tion that a voltmeter, which only gives the readifig of 
the potential on a scale, is of little use in industrial in- 
stallments, as the operatives of the lighting plant can 
never leave it, because they must constantly have the 
little seale under their eyes. It may therefore be pro- 
perly required that every change of potential should 
give notice to the attendants by a clearly distinguish- 
able acoustic or optical signal. 

The Vienna firm mentioned above have constructed 
a voltmeter which embodies in a high degree all 
the features which should characterize such instru- 
ments. The same is shown in perspective in Fig. t and 
in section in Fig. 2. Its construction is the simplest im- 
aginable. A circularly bent iron core, A, swings from 
the axis, B, which moves in journals, and it is partly 
inclosed within the solenoid formed by the bobbin, C. 


Fie. 2. 


This bobbin is wound with German silver wire, so that 
changes of temperature can be neglected. The attrac- 
tion due toa current passing through C draws the 
core, A, into the solenoid, exercising its attraction in 
a to the weight of the core. In consequence 
of judiciously selected proportions, the movement of 
the core is nearly proportional to the potential of the 
current. 

To the axis, B, is attached an index, which gives 
upon a scale the reading in volts, and also plays be- 
tween two movable contact screws, and thus by chang- 
ing the course of the current throws into circuit one or 
the other of two differently colored incandescent lamps, 
or may start into action two differently sounding bells, 
so as to notify the attendants. For this purpose a 
branched current can go through the index. 

The correct adjustment of the instrument follows 
from the fact that all variable weights and springs are 
omitted, so that even if taken apart by inexperienced 


hands, it can be put together again corrrectly, and will 
show the same readings as before. 

Changes of potential of one per cent. are shown by it 
with certainty.—Zeitschrift fur Elektrotechnik. 


THE MEN WHO HAVE HELPED EDISON 
PERFECT HIS INVENTIONS. 


From the day on which Thomas A. Edison got his 
first appreciable start, he has never known the extent 
of his own wealth. He is undoubtedly worth millions, 
and his fortune is constantly augmenting. He has al- 
ways treated his employes liberally, but so lavish has 
he been with those who joined fortunes with him when 
he was poor and obscure, that at least three of them 
are already millionaires, and several others are ap- 
proaching that happy stage. 

Edison once said to the writer; ‘‘Too much honor 
has been bestowed upon me, and too little oe my 
closest assistants. ithout their aid I would have 
been tormented and hampered and delayed by details. 
for attending to which have no earthly fitness, I 
hope to see this injustice righted some day, and my in- 
— associates awarded their just share of public 
credit.” 

The first man of present prominence to go with Edi- 
son was Mr. Charles Batchelor. Nearly twenty years 
ago he was sent to this country by the Coates Thread 
Company, of Manchester, to put some 
newly patented machinery in Newark, N. J. e acci- 
dentally fell in with Edison, and entered his service as a 
mechanic at the bench. 

Aside from laboratory and mechanical work, the 
first serious undertaking of Mr. Batchelor was a trip to 
Paris in 1881 as Edison’s representative at the exposi- 
tion. He remained three years in Europe, becomin 
Edison’s agent in the broadest sense, financially as on | 
as professionally. . . . 

On his return to this country Mr. Batchelor was 
made general of Edison's enormous machine 
works, which supply most of the materials for the 
Edison inventions. e is also a director in the Edison 
Electric Light Company and the,Edison Company for 
Isolated Lighting. 

When Edison removed his plant from Newark to 
Menlo Park, he made a verbal contract with Mr. 
Batchelor, which has never been reduced to writing, 
agreeing to give him one-tenth interest in the profits 
of all the products of the laboratory. A strange fea- 
ture of these unwitnessed and unrecorded partnerships, 
of which there are several, is that none of the partners 
has ever asked an accounting of the others. ch at- 
tends strictly to his own department and receives from 
and pays over to the other partners quarterly dividends 
in the shape of big checks, about which no questions 
are ever asked. There has never been the slightest 
financial difference or disagreement between them. 
Mr. Batchelor’s interest embraces ‘‘ everything between 
the dynamo and the lamp,” including the lamp factory, 
machine works, quadruplex, telephone, phonograph, 
electric light, and electrie motor. 

Edward H. Johnson, the first American electric ex- 
pert to join Edison, is now president of four companies 
—the ison Electric Light Company, the ison 
Conaney for Isolated Lighting, rgmann & Co., 
electrical machinery manufacturers, and the Sprague 
Electric Railway and Motor Company. He was sent 
to England, where he organized the Edison Electric 
Light Company, now known as the Edison-Swan Com- 

any. He also formed the Edison Indian and Colonial 

lectric Light Company. 

Mr Johnson was born in Chester County, Pa., con- 
siderably less than forty years ago, and attended a 
country school until he was twelve years of + we 
then became a telegraph messenger and student at 
West Chester Intersection. 

Mr. Sigismund Bergmann ranks third in the list of 
Edison’s assistants. hen he came from Germany he 
could not speak a word of English, but he somehow 
managed to get acquainted with Edison. His work 
“talked,” even if his tongue halted, and, being a 
trained mechanic, he went to work as such at the 
bench in Edison’s Newark shop soon after Mr. Batche- 
lor had accepted a similar situation. In 1878 he opened 
a shop in a small front room at 104 Wooster Street, his 
family occupying the rear rooms. Here he proceeded 
to wanufacture electric bells, burglar alarms, and 
similar small work, his force consisting of one man 
and two boys. 

When the phonograph had been invented, and 
Johnson was casting about for some one to make the 
instruments, Edison recommended Mr. Bergmann. 
This led to a business partnership and personal friend- 
—— between Johnson and Bergmann, which will last 
as long as both men live. Mr. Bergmann made the 
phonograph so promptly and of such superior quality 
that he secu all su uent similar work, and to 
this — continues to make all of that class of instru- 
ments. 

One of the most remarkable men in this aggregation 
of intellect is John Kreusi. Nocontribution to current 
scientific literature would be just or complete that 
omitted honorable mention of Mr. Kreusi. He is a 
native of Switzerland. When Edison and his assistants 
have puzzled over a problem until their heads are 
splitting, trying to find a missing link or endeavoring 
to figure out from insufficient data whether a new in- 
vention is —r to prove anything wore than a were 
toy, the invariable refuge is, ** Let’s ask Kreusi.” fn 
such cases his instinct has proved unerring and his 
judgment well nigh infallible. His modesty is ex- 
cessive, and it would cause him positive pain to know 
that his name was to be lauded in print. In every re- 
spect he is a quaint and lovable old man. The only 
college graduate among the forces is Francis R. Upton, 
a native of Massachusetts, who came to Edison in 1879 
asa mathematician to work out problems in connec- 
tion with the electric light. He is now a partner in 
and general manager of the lamp factory, and also a 
director in the Edison Electric Light Company and 
the Edison Company for Isolated Lighting. 

Among other young Americans who have gained 
fame and wealth through their connection with Edison 
is John W. Lieb, of Newark, N. J., general wanager 
of the Italian Edison Electric Light Company, at Milan; 
Philip Seubel, of New York City, is another; he is the 
engineer of the German company. Among 

is other experiences was the fitting up with the elec- 
tric light of the two theaters in the palace of King 
Ludwig, of Bavaria, the crazy monarch who committed 
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suicide. Francis Jehl, also of this city, did his first hand near it gently, or, better, surround it with the! water of the lake does nct come out of the 


independent work for Edison in Europe when he fitted| two hands, taking care not to touch it. The paper 
up the new theater in Brunn, Austria. He is now in| will immediately begin to revolve, and the velocity of 
charge of the district surrounding Bucharest.—J. Y. | its revolution will sometimes be very great. Certain 
Evening Sun. | persons never fail to attribute this fact to animal mag- 

|netism ; but the true explanation is very simple, phy- 
sically. The phenomenon is due simply to the fact that 
: ‘ee bl t th the air becomes heated by contact with the hands, and 

The Density of Liquids. —Take two goblets of the | consequently rises and causes the end of the paper to 
sane size, and Hill one with wine and the other with | turn p impinging against the upturned corners, which 
water (Fig. 1). Cover the last named with a sheet of| , .. oh ique to its direction. 

The form of the device that we have described is 
the simplest, but it may, of course, be varied. For 
example, we may cut out a light disk and paint upon 
it in different colors curves running from the center 
to the circumference. Afterward, on slitting the ex- 
tremities of two diameters at right angles, with a pair 
of scissors, and slightly inclining the sectors thus ob- 
tained, we form a helix which is very easily set in mo- 
tion. The colored curves then produce a very pretty 
effect. 

Certain persons have more effect on the apparatus 
than others, on account of their hands being warmer. 

With this instrument, we may divine characters 
just as well as is done by the fakir of our country 
fairs with his Franklin's “‘ bouillants.” The only ques- 
tion is to find people credulous enough. 

Heat Conductivity of Metals.—Take a metallic pen 


PHYSICS WITHOUT APPARATUS. 


Fig. 1.—EXPERIMENT ON THE DENSITY 
OF LIQUIDS. 


per. It will now be possible to invert this over the 
fret, as shown in No. 3(Fig. 1). Now gently remove 
the paper by drawing it horizontally with one hand, 
while the other hand holds the goblets rim to rim. 
As soon as the paper has been removed about an inch 
from one side of the glass, it will undalate slightly in 
the shape of the letter 8, and form an ascending and 
descending channel through which the liquids will 


Fie. 4.—VIBRATIONS OF A SONOROUS BODY. 


holder having a wooden handle, Fig. 3, and glue a strip 
of paper to it in such a way that half of the paper 
shall adhere to the metal and half to the wood. If 
now the surface of the paper adhering to the wood be 
carefully heated over the flame of an alcohol lamp, it 
will soon carbonize, while the portion adhering to 
the metal will remain white. he reason of this is 
that the metal is a good conductor of heat, while wood 
is a poor one. 

Vibration of Sonorous Bodies.—It is easy to demon- 
strate that principle of acoustics which tells us that 
every object when emitting a sound is in a state of 
vibration. To this effect, attach to the foot of an 
inverted goblet a pendulum made by suspending a 
shoe button by a thread. The button should rest 
against the glass as shown in Fig. 4. Upon striking 
the goblet with a pencil, a sound will be produced, 
and, as long as it lasts, the button will keep unding 


escape. The water will descend, and the wine, being Se ganuen, thus rendering the vibrations mani- 


lighter, will rise (No. 4). not 

until the entire contents of the lower glass have taken > 

the place of those of the upper one. RESTORATION OF LAKE MCRIS, IN EGYPT. 
A Curious Whirligig.—The experiment shown in| 'WHEN Herodotus visited Egypt, B.C. 454, he enu- 

Fig. 2 is very easy to perform. All that is necessary is) merated various great monuments and public works. 

a bottle cork into which a needle is inserted point Among these he included the Pyramids, but to them 

upward, and a sheet of writing paper. Cut a strip | he failed to give so great prominence as was given to a 


2.—A CURIOUS WHIRLIGIG. 


Fig. 3—-HEAT CONDUCTIVITY OF METALS. 


from the latter about three inches in length by half| vast artificial reservoir, which, in his own words, “ ex- 
ap inch in width, and fold it four times, so as to ob-| celled all other human productions.” ‘‘ The cireuit of 
tain its center, and then unfold it and turn up slightly | its coast,” said the historian, ‘is sixty schoenes, or 
two of the corners on one of the diagonals of the| three thousand six hundred furlongs. it stretches in 

uare. Next, balance it upon the point of the needle. | its longest direction from north to south, and in its 
When it has become completely immovable, move the | deepest parts is of the depth of fifty fathoms. The 


which is here excessively dry, but is introduced byg 
canal from the Nile. The current sets for six months 
into the lake from the river, and for the next gig 
months into the river from the lake. While it rong 
outward it returns a talent of silver [about $1,060} 4 

tu the royal treasury from the fish that are taken jg 
the canal, but when the current is the other way the 
return sinks to one-third of that sum.” 

Diodorus said the utility of the lake deserved the 
highest praise, and its was incredible 
« Gonsidering,” he said, “the benefit and advantage 
brought to the government by this great work, none 
pes ever sufficiently extol it according to what the 
truth of the thing deserved.” He explained in lneig 
terms its unique character. ‘ For, since the Nile dogs 
not attain a uniform and regular height in its inundg. 
tion, and the fruitfulness of the country depends upon 
a proper distribution of the water, this lake wag 
formed so as to receive the surplus water, so that it 
wight not drown the land and produce marshes ang 
standing ponds; nor yet, by flowing too little, preju. 
dice the fruits of the earth for want of water. Phew 
fore, a canal was made eighty furlongs in length ang 
three hundred feet broad. Into this they let the water 
of the river sometimes run, and at other times diverted 
it and turned it over the cultivable land, at proper 
seasons, by means of sluices, which were opened and 
closed not without great labor and cost, for they could 
not be opened or shut at a less annual charge than fifty 
talents.” These sluices were probably constructed on 
the system which now prevails in Egypt. The canal 
or basin was closed by a mound of earth, and opened 
by cutting the dike. 

Strabo, who lived about the beginning of the Chris. 
tian era,was equally unstinted in praise of the ‘‘ won- 
derful Lake Meris, which in extent is a sea, and the 
color of its waters resembles a sea. Its borders, also, 
are like the sea-shore. It is able, by its area and depth, 
to contain the excess of water which flows into it at the 
time of the rise of the river, without overflowing the 
inhabited and cultivated parts of the country. On the 
decrease of the water of the river it distributes the 
excess of the same canal at each of the mouths, and 
both the lake and the canal preserve a remainder, 
which is used for irrigation.” 

Pliny (A. D. 47) placed this great reservoir 62 miles 
from Memphis, or 77 miles from where the Nile divided 
its waters for the formation of its Delta. 

Claudius Ptolemy, the Alexandrian geographer in 
the second century. gives the latitude and longitude of 
two places on Lake Meris, while a series of maps ac- 
companying his text represent a large body of water in 
the desert to the south of what is now known as the 
Fayoom. Yet with all this evidence the story of the 
lake has been rejected by nearly all Egyptologists. 

Convinced that there was more in the declarations of 
the ancients than the moderns zgave credit to, an Ameri- 
ean, Mr. Cope Whitehouse, who came to me a year ago 
with a letter of introduction from Mr. Bayard, Secre 
tary of State, bespeaking my friendly offices, remained 
a short time in Egypt in the winter of 1880. Impressed 
as to the existence of the ancient body of water, Mr. 
Whitehouse spent the succeeding twelve months in 
eareful investigation of Greek, Latin, Arabic, and hie 
roglyphie memorials, and as a result he became more 
convinced than ever of the existence of a great artifi- 
cial reservoir in Egypt, the destruction of which, about 
the third century, had ruined a large part of the pro 
ductive area of the country. His scholarly investiga 
tions were submitted to men prominent in the scien- 
tific world, with but little or no encouragement. In 
the early part of 1882, however, he went into the desert, 
south of the Fayoom, almost alone, anc found a valley 
corresponding in shape. depth, and position to the as- 
sumed ancient basin, which he had already, as a result 
of his studies, sketched on his own maps. In 1883 he 
again visited Egypt and again renewed his surveys in 
the desert, his researches having now been warmly 
approved by scientific and geographical men of the 

ew as well as of the Old World. A year ago Mr. 
Whitehouse came again to Egypt and spent several 
months here. I saw him a number of times and com 
versed with him freely, and encouraged him in words, 
regarding his most interesting researches and explora 
tions. In January last he was in the field, and about 
the same time Dr. Schweinfurth, a learned German 
geographer, spent some time examining the depression 
outlined by the American as the site of the 
ancient reservoir. 

In February the Egyptian government detailed am 
engineer and staff to run an accurate line of levels, the 
result showing that there is a depression, sinking to @ 
depth of 250 to 300 feet below high Nile, 92 kilometer 
in length and 31 kilometers at its greatest breadth. It 
would require a canal of about eleven miles to connect 
this basin with the Nile. It is held that through this 
canal water from high Nile could be made to flowin 
such quantity as would in a few years fill up this great 
depression and change it from dry desert into a 
fresh water lake. Once filled, it could be converted to 
the uses of irrigation. The swell of the Nile would 
annually fill the lake to the level of high Nile, and dur 
ing low Nile this reserved water could be liberated 
sent to the low lands, to contribute, without so D 
human toil, to the production of crops. So was the 
ancient Moris utilized ; so may the modern productioa 
of American thought and investigation be made to com 
tribute to the wealth of a reinvigorated Egypt. It® 
held that 5,000,000,000 cubic meters of water may thes 
be stored in three months to meet the demand duribg 
low Nile. Not only is it held that water may be thus 
stored to satisfy want, but that the great reservolf 
would, during flood Nile, by the reception of surplus 
water, protect great areas from ruinous inundations; 
that great marshes would thus be reclaimed and co 
verted to the use of agriculture; that the expensi¥® 
ness of irrigation on a larger scale would be greatly 
reduced; that happy climatic changes would 
brought about. At last, sufficiently impressed W! 
the matter, the Egyptian government is manifestiIg 
deeper interest in the scheme of Mr. Whitehous® 
Heretofore he has spent only his own money in inve® 
tigation and exploration; now the government 
beginning to give him substantial aid.—Report of 
sul John Cardwell to the State Department. 


ANIMAL INDUSTRY IN EGYPT. 


Consul John Cardwell says: Of domestic animals® 
Egypt, the principal are the camel, the horse, 


H 
rround 
4 
2 x 
; 
= = 
i 
pe 
j 
a 
d 
—~ 
4 


ind depth, 
o it at the 
owing the 
v. On the 
butes the 
yuths, and 
emainder, 


ir 62 miles 
ile divided 


rapher in 
ngitude of 
maps ac 
water in 
wn as the 
ory of the 
gists. 
rations of 
an Ameri- 
a year ago 
ard, Seere- 
remained 
Impressed 
water, Mr. 
months in 
ce, and hie- 
“ale more 
reat artifi- 
ich, about 
f the pro- 
investiga- 
the scien- 
ment. In 
the desert, 
id a valley 
to the as- 
aS a res 
In 1883 he 
surveys in 
n warmly 
en of the 
r ago Mr. 
nt several 
; and con- 
in words, 
d explora- 
and about 
1 German 
lepression 
the 


etailed am 
levels, the 
iking to@ 


25, 1888. 


SCIENTIFIC AMERICAN SUPPLEMENT. No. 634. 


10183 


and mule; the cow and the buffalo; sheep, 
poy ae dogs, and eats. The camel is used to ride, 
bear heavy burdens, to draw the plow, and to raise 
water for irrigation ; the assis u to ride, to bear 
heavy burdens, and is an ever-present, patient crea- 
ture, ready for any task. Camels and asses move the 
entire industrial production of Egypt. All the pro- 
gocts of agriculture are taken from the fields to the 
villages and the distant markets on the backs of camels 
and asses. The two seem to be as indispensable to 
jeulture as are the waters of the Nile. 
“There are two varieties of camel in common use—the 
heavy beast of burden and the graceful riding animal, 
gith a speed and movement as brisk and smooth as 
the wind ; the former valued at from $25 to $50, the 
latter, according to style and training, at from $75 to 
the common ass sells at almost any figure ; but there 
js a royal white breed, used for riding animals, single 
imens of which have been known to sell as high as 
$1,000, while $500 is a very common price. This breed 
of donkeys are bred in their greatest purity about 
Mecca, and the Arabs who rear them never sell a 
female. Only the males are marketable, and many of 
these are brought to Egypt and sold to the rich at the 
igh prices named. The best specimens are not over 
14 hands high, but they are creatures of the proudest 
carriage, swift, and most graceful pacers. They dis- 
play the most royal air, and justly, too, for many of 
them, it is said, have pedigrees antedating the begin- 
ning of the Mohammedan, or even the Christian, era. 
Their vigor is maintained toa great age. The cow and 
the ox, now in general use throughout Egypt, are iden- 
tical with animals figures of which appear in the 
ancient records. The breed seems coexistent with the 
being of man in the valley of the Nile. This cow pos- 
sesses most valuable qualities as a milker, and works 
jently at the water-wheel, and even at the plow. 
Phe ox is raised for toil in the fields and for the pro- 
great similarity between 
ersey cow suggests to my 
mind that the latter was probably originally intro- 
duced from the East. The Egyptian cow possesses the 
same form, with its graces, that belongs to the Jersey, 
the only perceptible difference being in the neck, which 
is not so delicate as that of the Jersey, while the horns 
arefar more diminutive. The color is generally dark 
red, with brown or black points. The milk is very 
rich in oil, and the butter made from it is of a deep 
yellow color. 

The buffalo (African) is largely produced, and is kept 
for the same purposés as the cow and the ox. The 
males are generally marketed while young, for veal, or, 
when a little older, for beef. The cows grow to a huge 
size, great, glossy black, almost hairless beasts, of angu: 
lar parts, and they are very largely used, not only for 
the production of milk and butter, but in consequence 
of their great power and endurance as beasts of labor. 
They draw the plows, move the water-wheels, and 
carry burdens. They are semi-amphibious in nature. 
It isa novel sight to see droves of them — in the 
waters of the Nile and-of the canals. hey sport as 
joyously in the water as seals. Some of the natives 
believe they are a cross between an ancient cow and 
the hippopotamus. The milk produced by the buffalo 
has a strong flavor, unpleasant to tastes not cultivated 
to its use, and the butter produced from the milk has 
ina much slighter degree the same taste. 

Once in a while murrain takes off vast numbers of 
cattle in Egypt, and owing to this the breeding of the 
baffalo—almost exempt from the disease—has very 
largely taken the place of the common cow.—Reports 
of the Consuls. 
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[NaTuRE.] 
AN ENGLISH REVIEW OF AN AMERICAN 
AGRICULTURAL REPORT. 


. RESOLVED, by the Senate and House of Representa- 
tivesof the United States of America, in Congress as- 
sembled, that there be printed 310,000 copies of the An- 
nual Report of the Commissioner of Agriculture for the 
~ 1885 ; 200,000 for the use of the members of the 

ouse of Representatives, 80,000 for the use of the mem- 
bers of the Senate, and 30,000 copies for the use of the 
Department of Agriculture. 

See. 2. That the sum of $200,000 is hereby appropri- 
ate out of money in the treasury to defray the cost of 
the publication of the said report.” 

It the British government desires to assist poor, lan- 
guishing agriculture, it would be well for it to look 
across the Atlantic Ocean for suggestions as to possible 
action. A “commissioner of agriculture” and an an- 
Dual <~ from him is in itself enough to arrest atten- 
tion. The very gilt letters on the back of this volume 
supply a text upon which a profitable and edifying ser- 
mon might be preached. The subject matter of the 
"port, its practical or unpractical nature, the sort of 
topies handled, and the manner of their handling, all 
an tto arouse curiosity in the minds of those who 

bt the utility of commissions, and prefer laissez faire 

A irring up with the long pole. 

sore scattered flock than the agriculturists of Great 

tain it would be difficult to find. Sheep without a 
~€pherd, soldiers without a leader, a fleet without sail- 
= orders, are the metaphors we should use if it were 
po purpose to portray their present condition. It is 
= 80in America. There the interests of agriculture 

watched by a department of agriculture, and the 
po id report of the proceedings of this department 
@ mouth piece of the whole agricultural com- 
ing ity, and exercises the functions of a heart in keep- 
inten circulation of knowledge and a brain 
cult from all parts of the body agri- 

ural. No wave of pleasurable sensation arising 
euili salubrity of climate or rise of values but causes a 
attack” Paragraph. No twinge of pain caused by insect 
outed disease but is at once chronicled and investi- 
frayed b this excellent department. The cost is all de- 
$200,000 y the government, who are not afraid to spend 
smh the mere publication of the report. Whether 
matertal y ts worth the immense sums of money that its 
leeting — the large staff of persons employed in col- 
fen Same, must have cost isa question of much 

-_ and not altogether easy to answer. 

PRYs the ne" however, we may be certain of : that if it 

-+® the American government to undertake the inves- 


complicated agriculture and extensive system of culti- 
vation. It might be said in extenuation of our supine- 
ness with regard to agricultural science that we have an 
of the privy couneil. So faras 
this department may prove a nucleus for further ex- 
pansion it is good, but we cannot conceal from ourselves 
the narrowness of the scope of our agricultural depart- 
ment as compared with the breadth of the aims and 
objects of the American agricultural department. The 
energies of our department are chiefly devoted to what 
is included in the report before us as the bureau of ani- 
mal industry, but with this great difference : the Eng- 
lish agricultural department deals chiefly with inspect- 
ing and regulating the ports of debarkation, reporting 
on outbreaks, and proclaiming the infected districts. 
It is intimately connected with and assisted by the 

lice. The American bureau of animal industry deals 
in rules and regulations for the suppression and extirpa- 
tion of contagious diseases, but in addition spends large 
sums upon investigations into the nature, causes, and 
remedies of diseases. Its reports are replete with in- 
formation as to liquid cultures of the bacterium of 
swine fever and other diseases. The American govern- 
ment have not only set themselves the task of prevent- 
ing the spread of disease, but are doing excellent work 
in tracking diseases of all sorts to their source, with 
a fair and improving pomoess of being able to sto 
their devastations at the fountain Not 
this the case with regard to the diseases of animals, but 
also of plants, under the sections respectively headed 
o Report of the Botanist” and ‘‘ Report of the Micro- 
scopist.” 

Before endeavoring to lay before the readers of Na- 
ture any of the facts recorded in this deeply interest- 
ing volume, I will mention the various sections under 
which information is collected and investigations are 
prosecuted, feeling confident that by so doing I shall 
show the many sides from which agriculture obtains 
direct assistance from the progress of pure science. First 
in order stands the report of the superintendent of gar- 
dens and grounds, containing valuable information 
upon mildews and blights, the peach leaf blister, crack- 
ing of pears, and the potato disease. Next comes the 
report of the chief of the seed division, dealing with 
crossing and hybridization, the production of new varie- 
ties of wheat by cross fecundation, improvement by 
selection and cultivation, vitality of seeds, germination 
of seeds, and changing seed. The report of the botan- 
ist consists in an illustrated descriptive list of certain 
economic plants, and a chapter upon the fungous dis- 
eases of plants. Next comes the report of the micro- 
scopist, dealing with textile fibers, parasites of domes- 
tic fowls, erys’tals of fats—butter, beef, and lard—beauti- 
fully illustrated with colored plates, and highly inter- 
esting in connection with the adulteration of butter. I 
must content myself with a mere enumeration of the 
reports of the chemist, the chief of division of forestry, 
the entomologist, the statistician, the chief of the 
bureau of anima) industry, a report on wheat culture 
in India, and truck farming, “‘or the growing at the 
South, execlasively for.the Northern markets, as a dis- 
tinct business, of all (or a selection of) such fruit and 
vegetables as would be likely to arrive at their destina- 
tion in good condition.” 

Before concluding the first notice, I must mention the 
fine manner in which the work is illustrated by tables, 
diagrams, maps, engravings, and colored plates. The 
illustrations of fat erystals have been already mention- 
ed. Other illustrations are a delicately tinted and 
beautifully-drawn collection of twelve edible mush- 
rooms common in the United States ; a colored picture 
of the transformation of Cicada septemdecim, takin 
place in every stage, on a leafy branch of oak; an 
splendidly executed colored plates illustrative of ver- 
minous bronchitis and of ulcerated cecum in the sec- 
tion of animal industries. 

To an Englishman, probably the most interesting 

portion of the book will be the report of the statistician, 
with its tables of exports and imports, area, and pro- 
ductive power of the United States. The control which 
the States exercise over the wheat trade of the world is 
indicated by a diagram showing that, as the yield per 
acre of the States rises, the prices of wheat all over the 
world fall; and as the average yield diminishes, the 
prices rise. This correspondence between yield and 
price is even more precise in the case of oats and maize 
than in the case of wheat, because, as the statistician 
remarks, ‘“*‘ we make our own prices for corn and oats, 
while Liverpool has much to do with the price of 
wheat.” 
A very striking diagram, which cannot fail to be of 
deep interest to those who feel themselves cram for 
room in overcrowded England, is one showing the pro- 
rtion of forests, farms, and unimproved or waste 
ands in the United States. The vast and almost my oe 
ling extent of the first and last sections shows the inex- 
haustible resources of the country. In Texas, Califor- 
nia, Dakota, Montana, New Mexico, Arizona, Nevada, 
Colorado. Wyoming, Oregon, Idaho, Utah, Kansas, 
Minnesota, ebraska, and even Washington, the 
amount of cultivated or farmed land is quite insignifi- 
cant compared with the vast tracts of forest and unre- 
claimed land. One cannot but reflect upon the fact 
that a country so wealthy in the raw material of the 
soil should yet find it advisable to spend money lavish- 
ly upon scientific investigation of agricultural difficul- 
ties, while England, with her restricted area and dense 
population, should allow her agriculture to drift, as 
though its welfare were of no importance or its down- 
fall no cause of anxiety. JOHN WRIGHTSON. 


CHLORINE FROM MAGNESIUM CHLORIDE. 


AN exceptionally large and brilliant audience re- 
cently assembled in the Chemical Society’s rooms, 
London, to hear Professor Dewar (President of the 
society) lecture on ‘*‘ The New Weldon-Pechiney Pro- 
cess for the Manufacture of Chlorine from Magnesium 
Chloride.” Among those present were Sir Frederick 
Abel, Sir Henry Roscoe, fessor Armstrong, Dr. 
R. A. Wright, and such noted alkali manufacturers as 
Dr. Hewitt (Brunner, Mond & Co.), Messrs. Chance, 
Muspratt, Gamble and Swan. Mr. A. E. Fletcher, in- 
spector of alkali works, and Mr. C. T. Kingzett were 
also present and took in the discussion. Mr. 
David Howard was in the chair, and after the usual 
preliminaries called upon Professor Dewar to deliver 


C. | theor 


possibly teach all the points of his subject within a 
reasonable time. He would therefore select those of 
greater importance, especially those which had to do 
with the engineering part of the process. He had pro- 
vided excellent diagrams of the apparatus in use 
at M. Pechiney’s works at Salindres. There have 
been considerable. modifications of the original ess 
proposed by Weldon, but since 1884 nearly all the t- 
ents which have been taken out have been for machin- 
ery. (We gave a brief description of the process in our 
issue of July 31, 1886.) As will be seen from what fol- 
lows, the process now. in use, though essentially the 
same, differs in some detaiis. The first stage of the 
| process is the manufacture of magnesium chloride from 
the waste hydrochloric acid and magnesia. The latter 
is a highly heated oxide which acts slowly ; it is added, 
in slight excess, the solution allowed to clear, is de- 
canted and concentrated in a vessel which insures 
that its contents are thoroughly rotated. When a 
certain point is reached, a quantity of magnesium oxde 
is added to the concentrated magnesium chloride ; the 
mixture becomes solid, and is thoroughly broken up 
by rotating metal spokes into a mass of lumps of mag 
nesium oxychloride (Mg,OCl,). This is then dried in 
an ingenious apparatus a long chamber 
in which a series of trucks run. h of these (about 
a dozen may be in the chamber at a time) receives a 
charge of the wet oxychloride and is moved slowly 
along the chamber, so that by the time it reaches the 
end the oxychloride is practically dry. During the 
drying the amount of water in the oxychloride de- 
creases from an average of 45 per cent. to about 29, and 
the percentage of chlorine increases proportionately, it © 
being found, however (see the Chemist and Druggist, 
July 31, 1886), that the more water there is drawn off, 
the more hydrochloric acid is disengaged by decompo- 
sition of the oxychloride. 

The next part of the operation is that which has 
presented the greatest practical difficulties. In this 
stage the object is to decompose the oxychloride by 
means of heat and the influence of oxygen. The heat 
must be intense and steady, hence the origin of the 
difficulties. The plan which has been opted at 
Salindres is to construct a furnace of brick with im- 
mensely thick walls—in fact, the furnace is a series of 
chambers, 3 in. by 3 ft. by 9 ft. The various partitions 
of brick are heated from the side by means of a blast of 
Siemens gas. The heat is applied gradually, so that as 
much as possible may be stored up by the brickwork, 
and when the desi temperature is attained the heat- 
ing portion of the furnace is removed, and is actually 
used for heating other furnaces or units. The oxy- 
chloride is now dropped in, the furnace closed, and at 
once decomposition begins. The principal result is 
that hydrochloric acid is given off, and the air decom- 
poses this into chlorine and water. But in practice the 
reaction is not complete, and chlorine, steam, and hy- 
drochlorie acid are the gases which are given off. In- 
stead of condensing the latter in a coke tower, it is 
done in an _— condenser consisting of layers of 
glass \tubes through which cold water is continually 
flowing. These tubes were at first laid horizontally, 
but it was found that in this position a little air was 
apt to get into them, thereby causing breakage, but 
now the tubes are laid at a slight incline, and it is 
found that this answers admirably. The decomposi- 
tion goes on in the furnace, precautions being taken to 
moderate the supply of air. The following table repre- 
sents 


THE DECOMPOSITION OF DRY MAGNESIUM CHLORIDE. 


Per 100 of Chlorine | 
Ss. Charged. Disengaged, 
3s 
= Total’C! = | 
HCI HCl | 
2 
Kilos. Kilos, 
415 17°40 | 82°40] 42°40] 40°00) 51°40] 48°60 | 176 | 6°25 
408 19°00 | 81°:00| 42°90] 38°10) 5296 | 47°04) 175 | 645 
414 16°00 | 84°00} 44°68 | 30°32) 53°20) 46°88) 185 | 715 
420 15°00} 85°00] 45°73 | 39°77 53°20 | 46°20 | 190 | 


The whole of the oxychloride is not decomposed in 
the furnace, and when the residual charge is taken out 
the lumps of undecomposed oxychloride are picked out 
and used over again. The chlorine as it comes off from 
the furnage is used at Salindres directly for making 
chlorate. Professor Dewar bad got determinations 
made of the chlorine value of the furnace gas at dif- 
ferent periods, and found that in the first hour 844 per 
cent., in the second hour 6 per cent., in the third 5 per 
cent., in the fourth 344 per cent., and in the fifth 14¢ 

r cent. were the figures. These gave a curve of the 
issociation or reversible action type, and this had led 
the lecturer to study the reaction; for although he 
might be able to tell the constitution of the latest syn- 
thetical body, yet he was hazy about such a simple 
thing as this. (Laughter.) It was generally consider- 
ed that the decomposition of magnesium oxychloride 
in presence of air, which Weldon proposed to utilize in 
this process, was a new reaction ; but Professor Dewar 
had found that Davy was well acquainted with the 
properties of the salt, and so was Graham. 

He then proceeded to describe the experiments which 
he had made to prove that the reaction which takes 
place in the furnace is a reversible one, and showed an 
experiment. A porcelain tube was packed with a 
mixture of magnesium oxide and magnesium chloride, 
and placed in a combustion furnace, the temperature 
being exceedingly high. Chlorine was then passed 
through the tube, and the gas which came off was col- 
lected and was found to be oxygen. The temperature 
was then lowered, and oxygen passed throagh the tube, 
when ecblorine came off in such abundance as to be dis- 
tinetly appreciable in the lecture hall by smell. The 

which might be deduced from the experiment 

was that the water given off in presence of the highly 

heated magnesium chloride decomposed the latter into 

oxide with formation of hydrochloric acid, and finally 
decomposed the 


that the air acid into chlorine and 
water. 
He then to contrast the old Weldon chlo- 


rine process and the new. This was really the most 


Say +a Problems connected with the productive 
Rature, still more would it pay us with our 


the lecture. 
At the outset the professor said that_he could not 


crucial point of the lecture, and here the audience paid 
marked attention to what Professor Dewar had to say 
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The following is the cost of working the new process at 
Salindres, the price being for'1 ton of chlorine, 6 tons 
being produced per day. Thecost of working the same 
in Engiand (with cheaper coal) is also given. 


Salindres, England. 
Magnesium chloride... 5 5 


It was also stated that by the new process from 78 to 
80 per cent. of chlorine is obtained where 33 per cent. is 
only obtained at present. Further, that although the 
initial cost and maintenance of the apparatus are much 
greater than in the old process, that is not of so great 
consideration to the ammonia soda manufacturer, 
whose apparatus is very costly. Hethought, moreover, | 
that the process was particularly applicable to the case | 


ol Stassfurt, where immense quantities of magnesium | 
chloride are run to waste. If it was taken up there, he 
thought the future of the Leblane process was very 
black, for he had calculated what the cost of produc- 
ing chlorine in the three places would be, and taking 
everything into consideration the following was the 
result (per ton of chloride) : 


England (old process). £13°0 
Salindres (Weldon-Pechiney process)... .. 79 


It is clear, therefore, that what has been foreshadowed 
will take place, viz., that large quantities of chlorine 
will be produced, so that less will be. required ; conse- 
quently that less soda will be produced by the Leblanc 
manufacturers, and that the happiness of the ammonia 
eoda makers will correspondingly increase. In con- 
eluding the lecturer paid a high compliment to M. Pe- 
ehiney for the labor, zeal, and ingenuity which he had 
devoted to carrying out Mr. Weldon’s project. 


CHEMICAL SOCIETY, LONDON. 


AN APPARATUS FOR COMPARISON OF COLOR TINTS. 


Ly operations such as nesslerizing in water analysis, 
when it is necessary to compare a number of depths of 
tint with one another, it is very inconvenient to have 
to make up a large series of standard tints. The 
author has devised an apparatus which obviates this 
necessity. It consists of a base board on which lies a 
sheet of white opal glass. Placed obliquely a little 
way above this is a sheet of glass on which rest the 
Nessler tubes containing the solutions whose tints are 
to be compared. The mouth ends of these tubes re- 
celine in grooves hollowed in a horizontal bar. This 
bar is supported by two pillars, on one of which slides 
a ring clasping a calibrated glass tube ; this tube has 
aside tubulure at the base, and is thus and by means 
of a short India rubber tube connected with a similar 
but uncalibrated tube resting on the glass plate. A 
known quantity of the standard color being placed in 
the tube carried by the ring and diluted with water up 
to the top mark, if the movable tube be raised this 
standard solution will flow into the tube resting on 
the glass plate. The movable tube is calibrated to 
show how much is present in the other tube. Hence, 
if a Nessler tube containing liquid of unknown depth 
of tint be placed beside the tube on the glass plate, 
and the tube in the sliding ring be raised or 
lowered till the tints agree in the two tubes rest- 
ing on the glass plate, a simple inspection of the 
level of the liquid in the calibrated tube will give the 
pm of standard color the unknown solution is 

ual to. 

ne apparatus is especially useful in nesslerizing ; 
also in determinations of the quantity of lead present 
in waters, and in other cases where comparison of tint 
depths is necessary.—By Alfred W. Stokes. 


THE ALLOYS OF COPPER AND ANTIMONY AND OF 
COPPER AND TIN. 


The author gives the results of experiments insti- 
tuted with the view of obtaining further evidence as to 
whether the alloys Cu,Sb and Cu,Sb, which are indi- 
cated by changes in the direction of the curve by 
which the electrical conductivity of the copper-anti- 
mony alloys is expressed, are or are not compounds, 
Copper, antimony, and lead were melted together in 
varying proportions, lead being a metal which alloys 
only to a very slight extent with copper. Mixtares of 
Cu,8b and lead were first made, the first alloy contain- 
ing 95 per cent. of lead, the second 90 per cent. of lead, 
and so on for the remainder of the series. No alloys 
could be formed between the one with 20 per cent. and 
that with 65 per cent. of Cu,Sb. The intermediate 
mixtures that had separated on solidification were all 
melted up together and allowed to cool slowly, with 
the result that, owing to the partial oxidation and con- 
sequent loss of antimony in the successive fusions and 
castings, the metal was found to have separated on 
solidification into three alloys of different densities. 
The upper of these had the composition Cu,S8b, the 
alloy which occupies the lowest position on the con- 
ductivity carve. The mixture of 75 lead and 25 Cu,Sb, 
the first that separated after fusion, when cast in a 
cylindrical mould, separated on cooling into two con- 
centric cylinders, the inner of which had the same 
composition as that of the last alloy that formed before 
the separation of the fused mixture into two alloys, 
é. e., 80 lead and 20 Cu,Sb. The author is of opinion 
that this represents the saturated solution of Cu.Sb in 
lead. The alloys were then cast into disks, which were 
ground to the same size and examined by the aid of 
the Hughes induction balance. The curve of relative 
eonductivity so obtained was practically a straight line 
between the terminal points. In view of this fact, and 
sinee in their general appearance the alloys resemble 
both in color and structure mixtures of Cu,.Sb and 
lead, would appear that Cu.Sb exists in these alloys 
as such. 

In the second series of alloys the first mixture con- 
sisted of 95 antimony, 2°5 lead, and 2°5 copper; ce 


second of 95 antimony, 5 lead, and 5 copper. These 
alloys were all more or less gray in color, and their 
fracture became conchoidal as the alloy approached in | 
composition Cu,Sb. The induction ance curve rose 
gradually, till the copper and antimony were almost 


in the proportions necessary to form Cu.8b, and then 
fell again as this point was 4 
In the third series the first alloy formed contained 95 
copper, 2°5 lead, and 2°5 antimony ; the second con- 

ned 90 copper, 5 lead, and 5 of antimony. All the al- 
loys of this series formed, except the one with 50 ee 
25 lead, and antimony. ‘l'his separated on cooling into 
an alloy which was again found to have the composition 
Cu,8b and lead containing antimony and copper. The 
induction balance curve of this series, allowing for the 
dilution of the copper-antimony alloys by lead, is identi- 
cal with that of the copper-antimony alloys free from 
lead. Throughout these three series of alloys the lead 
appears to be wholly without influence on the physical 
properties except that which it exercises as a diluent, 
the influence of the alloys forming the turning points 
of the conduetivity curve, Cu,Sb and Cu,8b, being as 
marked in the presence of lead as when that metal is 
absent. Hence the author believes that these two 
alloys are truecompounds. When they are fused with 
silver sulphide, the ve in both Cu,8b and Cu,8b is 
toa great extent displaced by silver, without greatly 
altering the character of the alloy. 

Copper-tin alloys were treated with lead in a similar 
manner, and in this case also the lead appeared to be 
without effect on the general character of the alloys, 
the influence of the alloys, which are indicated by the 
turning points of the conductivity curve, viz.,Cu,;Sn and 
Cu.Sn, being as marked asin the ease of the turning 
points of the | alloys, Cu,s8b and Cu,8b. 

Prof. Roberts-Austen said that the alloy of copper and 
antimony known as the “ Regulus of Venus” is the 
only alloy havingan intense violet color, which made 
it an object of great interest to the alchemists, but it 
had been strangely neglected by their successors in 
modern times. Lead unites readily with antimony, 


and it therefore appeared not improbable that lead: 


would induce a certain amount of antimony to leave 
the copper and form triple alloys: but Dr. Ball had 
shown that the antimony end copper alloys remained 
intact, and that lead merely diluted them. This was 
specially interesting because—to turn to other metals 
—it is well known that zine and lead, if melted and: 
mixed in the fused state, separate from each other al- 
inost entirely on cooling. 

Notwithstanding this fact, A. & L. Svanberg had 
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shown that in the presence of a third metal—viz, gam 
lead and zine will unite toform a triple alloy, 
2PbSn;, which solidifies at 168° C. It was genau 
assumed that cooling prevents the “ 
or separation of the constituents of alloys, bug the 
speaker had shown in the case of the. silver-co 

loys that slow cooling produced products as uniform in 
composition as Levol’s alloy, containing ’71°8 per 
silver, the only alloy of the series which was'fi 
believed to be uniform in’ composition. 

He added that he-was glad of the new evidenggam 
forded by the author’s observations of the delicagyge 
the Hughes induction balance, an instrument whi 
he had long since predicted would prove to be of 
service in molecular constitution of allow 
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